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FOREWORD 



This is the second of two volumes on "Occupational and Educational 
Structures of the Labour Force and Levels of Economic Development". 

The first volume contained the analyses of the main relationships 
between education, occupation and development. This volume consists 
of a discussion on classification and aggregation problems (Annex A), 
supplementary analyses of the data by using multiple regression models 
(Annex B), followed by analyses of occupational and educational coeffi- 
cients (Annex C) and production function equations (Annex D)., It also 
contains a short exposition of information theory as this relates to the 
aggregation problem in cross-classifications (Annex E). 

Lastly, three Annexes (F, G and H) show a listing of all the nu- 
merical observations used throughout the study. 

This work was initiated and directed by Louis Lmmerij. The bulk 
of the work has been carried out by Jean-Pierre Jallade, who can be 
considered as the major author of the study. Daniel Blot is the author 
of Annex E., 
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Annex A 



INTRODUCTION TO PROBLEMS OF 
CLASSIFICATION AND AGGREGATION 



This Annex will be devoted to the problem which arises when inter- 
national data are used, i.e. , the comparability of the data available on 
the occupational and educational structures of the labour force which, 
in its turn, is related to the ty pe of classification adopted in the various 
countries and the degree to which these classifications correspond to 
the specific needs of manpower -educational planning. Because of the 
differences in both classification and detail of the data available, and 
because one would wish to keep as many observations as possible , another 
problem has to be faced - the so-called aggregation problem. The dis- 
cussion will be presented under three sub-headings:: 1) classification 
problems related to the industrial-occupational matrices, dealing suc- 
cessively with the occupational classifications, the industrial classifi- 
cations and the cross -classifications of occupational categories by eector 
of industrial activity; 2) classification problems related to the occupa- 
tion-education matrices, dealing specifically with the problems relating 
to the educational classifications; and 3) problems of aggregation. 
The first two of these headings will introduce this question, which will 
be summarised and developed under the third heading. 

As its title indicates, this Annex is concerned with a general in- 
troduction to these problem areas. Further specific indications were 
given, where necessary, in the relevant chapters of the first volume. 

1, CLASSIFICAIION PROBLEMS RELATED TO 
THE INDUSTRY-OCCUPATION MATRICES 

These problems are related to the way in which countries have 
presented their information on the occupational structure of the labour 
force by sector of industrial activity. Two distinct classifications are 
therefore involved (the occupational and the industrial), on top of the 
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specific problem of how these two have been combined in the cross- 
tabulations. We are thus concerned respectively with the occupational 
classification, with the industrial classification, and with cross-classi- 
fying occupations by industry. 

i) The occupational classification 

The occupational distribution of the labour force can be considered 
as constituting the common denominator between on the one hand, the 
whole field of economic development and, on the other , the vast area of 
education and training. This statement indicates immediately the kind 
of conditions the occupational classification has to fulfil when one is 
concerned with manpower -educational planning problems*: ideally the 
classification adopted should make sense in terms of both economic de- 
velopment and educational and training requirements.. 

The problems raised when using a national occupational classifica- 
tion for purposes of national educational planning are multiplied when 
dealing with an international comparison of occupational structures in 
some 50 countries. These problems would be greater still if each coun- 
try had devised its own classification, taking into account both its special 
development context and the specific objectives of the analysis.: This, 
indeed, is the vicious circle in which one is caught when commenting on 
the relevance of the available classifications to an international compari- 
son and to a specific analytical purpose.; The international classifica- 
tions which have been elaborated (and in the field of occupational struc- 
ture the best known *s, of course, the ISCO)** are multi-(analytical) 
purpose classifications which purport to be both broad and flexible 
enough to be applicabl^^ to countries at different levels of economic and 
social development. This obviously cannot be avoided, because of the 
risk of multiplying the number of international occupational classifica- 
tions, one for each specific analytical purpose, and/or devising a dif- 
ferent ona f^r ea group of countries within a, given range of economic 
development. Sue!, a multiplication would be very difficult, if not im- 
possible, to handle for most national administrations. If it it, there- 
fore, easy to criticize existing international classifications, they are 
better than nothing.. This will become clear later in this chapter, when 
we discuss the educational classification for which no international 
standards exist as yet (although UNESCO Is well advanced in elaborating 
one). 



* The expression "manpower -educational planning " is being used here as shorthand 
for manpower analysis and forecasts for purposes of educational policy and planning, or, in 
other words, for purposes of quantifying the economic objectives of education as previously 
defined. 

** International Srandard Classification of Occupations , ILO, Geneva, 1958. 
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These observations have to be kept in mind when considering cer- 
tain critical remarks in the pages which follow. Our discussion on the 
occupational classification will centre around two points:- a) the defi- 
ciencies of iSCO for manpower-educational planning purposes; and 
b) the problems posed by countries which have adopted a different oc- 
cupational classification.: 

a) ISCO and manpower-educational planning 

The International Standard Classification of Occupations (ISCO) 
was developed over a number of years by the International Labour 
Organisation, assisted by the International Conference of Labour Sta- 
tisticians. It was published for the first time in 1958 and was present- 
ed as **a comprehensive multi-purpose instrument for use in the orga- 
nisation of occupational information". * The basic structure of this 
classification consists of 10 major groups, including the supplementary 
group X (workers not classifiable by occupation).,** The first four of 
these major groups correspond roughly to what are called "white-collar" 
or non-manual workers:- 

0 - professional, technical and related workers, 

1 - administrative, executive and managerial workers, 

2 - clerical workers, 

3 - sales worker s.^ 

It is those non-manual categories upon which the occupational 
analysis of Part Two will mainly concentrate.: For the sake of com- 
pleteness, we also present the five major groups which could be roughly 
described as being "blue collar" or manual categories (we exclude there- 
fore the above-mentioned major group X); 

4 - farmers, fishermen, hunters, loggers and related workers. 

5 - miners, quarrymen and related workers, 

6 - workers in transport and communication occupations, 

7/8 - craftsmen, production process workers and labourers, 
n.e. , 

9 - service, sport and recreation workers. 

The 10 major groups of ISCO art sub-divided into 73 minor groups 
(at the2-digit level). 201 unit groups (3-digit level), and 1 ,34 5 occupations 



* ISCO. op . cit , ,^ page Ui. 
** Members of the armed forces are included in a separate group. 
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(5-digits).* According to the introductory remarks of the ISCO, "it is 
believed that the use of the major and minor groups will provide signif- 
icant data for general economic and social analysis.. These, and the 
unit groups, appear particularly suitable for comparisons of census 
data. The occupations (5-digits) are expected to serve primarily in 
placement and for similarly administrative purposes".** 

The period during which the ISCO was elaborated (1949-1957) ex- 
plains to a certain extent why the manpower -educational planner often 
meets difficulties when using these data. The year of publication of the 
ISCO (1958) coincides with the emergence of the economics of education 
and the upsurge in educational planning activities. It would, therefor^^, 
be unfair to criticize ISCO for not having taken into consideration the 
specific needs of the manpower -educational planner during a period 
when leading works on economic development made only passing refer- 
ences, if any, to the importance of labour skills and of education in the 
development process. 

However, certain criticisms of ISCO are of a more general nature. 
It has often been claimed that it confuses unduly such things as formal 
skill, job title, occupational status and functional and industrial affilia- 
tion in delimiting the occupations "in ter ns of the work customarily 
performed in most countries by the workers concerned". *** It has, 
therefore, been suggested that the classification should try to distinguish 
between the work functions actually performed and rank the occupations 
thus defined by formal and "informal" skill requirements which would 
reflect the degree of difficulty of the job. While such an approach 
would obviously present major problems of international consistency, 
the criticism (if valid) is an important one and would merit ample con- 
sideration. ♦*** 

Others, and in the first instance ISCO itself, claim that the 5-digit 
occupations do indeed represent the functions performed. In tb. words 
of ISCO:; ". . . the definitions provide descriptions of their functions, 
duties and tasks, and occupations of workers performing similar types 
of work are brought togethe • in larger groups". ***** h. S. Parnes 
agrees: ". . . since it (ISCO) includes detailed occupational definitions, 



* These "occupations'* at the 5-digit level are nevertheless still occupational groups. 
For example, th*; USA Dictionary O' Occupational Titles (DOT) distinguishes around 20, 000 
occupations at it£ most detailed level of disaggregation. 

** ISCO, _op._c|t. , page 2. 
*** ISCO, o p. cit .. page 2. 
♦*** For a criticism of ISCO along these lines and a suggested new classification of 
white -coUar jobs, see, for example, S. Jonasson "ISCO - A Critical Study, Suggestions 
for a Revised Structure", in Job Classification and Collective Bargainin g, TCO International 
Seminar, Gallofsta, Sweden, 1966. 

***** ISCO, o p. cit. ,, page 2. 
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it allows occupations to be classified on the basis of their functional 
content, thus minimising the difficulties that arise out of differences 
in the meaning of naticmal occupational titles". ^ 

These apparently contradictory views are based on the fact that 
the various authors are not talking at the same level of disaggregation. 
It is convenient to distinguish between a "vertical disaggfregation" and 
a "horizontal disaggregation" problem. A psychologist who holds the 
job (rf a director of a publicity concern will be classified, according to 
ISCO, as a manager (major group 1) and not as a psychologist (major 
group 0). However, there is no way of knowing whether he is managing 
a firm of 10,000 employees or whether he is a "worlcing proprietor" of 
a five -man bureau. This then is a "vertical disaggregation" problem: 
possibility to distinguish at one level, Jmpossibility to do so at another 
level. The "horizontal disaggregation" problem creeps in when, for 
example, a person declares that he holds the occupation "engineer".. 
The ISCO will rightly classify him in major group 0, minor group 0-0, 
and unit group 0-02. If, moreover, he declares vhat he is can electrical 
engineer, he will be classified in the 5-digit occupation 0-02.24, But 
if it is asked what the man is actually doing in the "occupation", there 
is no further answer one can give. He may be assigned to the research 
department of the firm, or he may be supervising a production line on 
the shop-floor, or he may be an inspector, etc. , etc. ; there is no way 
of knowing it within the framework of the ISCO. 

The above considerations already impinge to a large extent upon 
the preoccupations of the manpower -educational planner, because these 
functional aspects clearly have educational and training implications. 
We shall, therefore, turn now to a genera! discussion of some claims 
and difficulties ci the manpower -educational planner with regard to 
ISCO. As already mentioned, the ISCO is concerned much more with 
labour market analysis than with problems ot manpower -educational 
planning. At the higher level <rf aggregation, the groupings frequently 
reflect much more socic-econoniic and/or economic sector criteria 
than anything else. Particularly upsetting is the fact already mention- 
ed that so little attention has been paid to the skill requirements in 
various aggregations. Obviously any aggregation of occupations will 
inevitably raise objectionF. It may be asked, however, whether the 
functional homogeneity of major group 0 (professional, technical and 
related workers) is enhanced by including in it not only clergymen and 
religious workers, but also artists, dancers and TV announcers, be- 
sides such typically middle-level personnel as primary school teachers 
and technicians. The description of major group 0 in ISCO begins by 
stating that "many of the definitions of professional occupations refer 
to the possession by workers in the group concerned of a diploma or 



* H.S. Parnes, o p> clt . , page 25. 
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university degree or equivalent qualificati<Mi**. ♦ This is clearly an 
overstatement, as can be seen from the examples above and in Part 
Three of this study apropos the exaniination of the actually observed 
edi* rational prctfiles of the various occupational groups. This hetero-* 
geneity can again be found at the 2-digit level; for example, minor 
group 0-0 includes not only engineers, who normally should have a uni*- 
versity degree, but also surveyors, for whom this is frequently not the 
case. The same observation can be made for minor group 0-6 within 
which university teachers and primary school teachers are classified 
together. Even on the three-digit level (0-69), we still find secofidary 
school and primary school teachers together. 

This problem becomes a real handicap when the census data have 
only been processed up to the 2-digit level , as is sometimes the case , 
so that it becomes materially impossible to go into more detail. Even 
when more detailed data are potentially available, the tabulations pub- 
lished in the census documents rarely go beycmd the 2-digit level. The 
type of codification adopted is, therefore, important and, from the 
manpower -educational planning viewpoint, the ISCO codification leaves 
much to be desired. 

It should be mentioned in this context that the ILO has proposed a 
revised version of ISCX), which it is hoped will be ready and acceptable 
in time to be applied during the 1970 round of censuses. The various 
changes proposed are not likely to be very helpful for purposes of man- 
power-educational planning. On the contriry, it will be even more 
difficult to distinguish, for example, between skilled, semi-skilled and 
unskilled workers, or between prctfessionai workers and technicians 
(see also footnote * on the following page). 

b) Problems posed by countries not using ISCO for the census 

The ISCO was adopted by a large numl>er of countries for the I960 
census. The countries which have not used the ISCO in their latest 
census can be divided into two categories:, those which have a classifi- 
cation similar to ISCO« and those whose occupational classification is 
substantially different from it. In the former category, one could rank 
the United States and the Latin-American countries. The latter have 
for the most part adopted the COTA 1960. ** This classification is quite 
close to the ISCO and the two can easily be translated into each other. 
There is one important difference, however: at the 2-digit level, the 
ISCO distinguishes ^^draughtsmen and technicians^* (OX), a distinction 
which does not exist in the COTA 1960, where technicians are classified 
at the 3-digit level, together with engineers, chemists, agrcmomists, 

* ISCO, o p. cit . , page 7. 

Progama del Ceoio dc Amoic* de 1960, Panamctican Union, Washington. 
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etc. Ttzs ""lis. d cocrse,. ihe pN^tenual ad\*antage that one can separate 
:he v^ricxis types of technicians. However, as for many countries the 
data sre cdy available to the 2Hiigit level, it follows that foi many 
Lirin-Aner:c5Ln . xjitries.^ iranor groups 0-0, 0-1 and 0-2 include 
sci€c:i:5t5 and technolocisis as well as middle-level technicians. * 

!n tjrse serond category' are included such countries as France, 
Germany Finland. Israel and the socialist countries, for which it has 
been n:^re difficult to arrive at a comparable framework of reference.. 



Of ibe variaL.s t^'pes of classification ^occupational, educational, 
i3±istnal discussed here, the industrial one poses least problem. This 
IS sc becaiise sucb an international classification has been in use since 
1^5 and been adopted by most countries. ** It should be mentiored 
tna: the I51C classifies the data according to establisLiients, i.e.: , "an 
ecoccmic — t ^^ch engages, under a single o>^Tiership or control, in 

or nredDnr.mantly one. kind of economic activit\* at a single physical 
l>:an^n . *** It is therefore not rigour ou sly a classification by fom- 
n:>±ty It o-e wanted to examine the occupational structure of a 

sectcr as derived from commodit> demand, this would be possible only 
m sc far as the prod-^ct-sector relation is unequivocal.***** 

Tbe ISIC also seri'es as a basis for the United Nations National 
Ac-c cunts Stansncs. and this has facilitated partly the collection of data 
ccccernmg tbe m± caters of economic and technological development 
wTuch serre as explanatory- variables in the analysis presented in Parts 
ImX' tc Five c^ tins 57.1 d:»'. 

Tbe tac: that most countries have adopted the ISIC, does not by 
Itself srlve all problems. Tbe question of the heterogeneity- of sector 
comtcsmrc tecom.es im.portant m international comparisons. To give 
an example, it would nc*t make m.uch sense to compare the sector 
' mining in-d q-j.arrj.ing' m countries A and B if mining in A were con- 
centratec on the production of crude petroleum, and in B on coal and 

• ]z tnc rev:!:*: \c:ti:>7. o: ISCC', the sarr.e ptocedure :$ proposed, i.e., to 
cjc--?*:^ tie :scLr-.c-i.r.f iDor.c % ^-^.^-s >"o:ess:or.ai sub *group$.. In ordei to be useful 
~£ -izix^ff *ec^':it:cjr.a.' rL^nrs: r-ore oeiailec :abiilarion$ (at least up to the 3 -digit 



•••• Tzt L.T txirrrie s-cr. a cla^'icaiion. see the l .N. Standard International 

««««« -^^^ DJ-vff^cr, u U)e -r^al a^wrrpcion ir. economic research. See,, for 
Miirrj* r.. Ci-isisr^ rirrgi^s r: :~'Cjs:r:al .'r-rQv± . AER. September, 1960. 
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••s rtrcr, cxj^e, 'tc" tne :5'.C - :r.terriatior.aI Standard Industrial Classifi* 
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metal-mining. This is, of course, partly an aggregation problem. In 
practice, at rather high levels of sector aggregation, this problem of 
heterogeneity is difficult to avoid. * 

iii) Cross-classifi c ation of occupational categories 
by sectors of econ omic activity 

As for the availability and coverage of data with regard to occupa- 
tional categories cross-classified by economic sectors, we refer to the 
companion volume. Statistics of the Occupational and Educational Struc- 
ture of the Labour Force in Fifty-Three Countries (OECD, 1969), which 
contains the tabulations on which the analyses presented here are based. 

The various source? from which the data are drawn, as well as the 
definitions concerning the labour force, can be found in that publication 
under the relevant tables cross-classifying the occupational structure 
with sectors of economic activity.; 

We have not always used the maximum detail available for the 
various countries The reasons for this will be given later in this 
Annex. 

2, CLASSIFICATION PROBLEMS RELATED TO 
OCCUPATION-EDUCATION MATRICES 

Let us deal now with two points:; a) special problems raised by the 
occupational classification cross-classified by educational categories; 
b) further study of classification problems relating to levels and branches 
of education as distinguished in the educational structure of the labour 
force.. 

The sample size used for the occupation-education matrices is not 
necessarily the same as that used for the more traditional kind of census 
information. A certain number oi difficulties and inconsistencies were, 
therefore, encountered in the definition and the size of the labour force 
when working with these matrices.. For the sake of clarity, we have 
summarised the sources and definitions used in Table A. 1., 

i) Problems of classification and aggregation 
in occupational categories 

As these problems were discussed above, they only concern us 
here in so far as the breakdown of the occupational groups by level of 
education effectively imposes new constraints. 

* we will come back to this point in the analysis of the results to be presented in 
Part Two. 
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First of ailv it has to be pointed out that the bulk of the analysis of 
the educancHiil profile of the occupational categories, presented in this 
stud\- m-as carried out at the level of the whole economy. Rare indeed 
are the countries which give three-way taaulations (occupation - educa- 
uon - economic sector) that >fcould have made it possible to bring the 
analysis down to the sector level. There are, however, a few countries 
for uiiich this information is available, and this is presented and ana- 
h*sed in Part Five. 

Having said this . we shall now return to the occupation -education 
matrices available for the whole economy A systematic study was made 
of five of the ISCO major groups, broken dovra by level of education:, 
major groups 0 and 1 . because they include the largest proportion of 
highly qualified personnel:, major groups 2 and 3, because they tend to 
absorb more and more secondary and even university graduates, and 
m.ajor group 7 s. because of its quantitative and qualitative importance 
for industrial development.. Major groups 4, and 5 to 7/8 were also 
analysed by taking the average number of years per head embodied in 
each of these groups. Given the very aggregated educational classifi- 
cation ^Ith which we have to work (see below, paragraph ii), this 
seemed the better educational indicator for these occupational groups. 

Further y the available statistics make it possible to sub-divide the 
important malor group 0 into a numoer of minor groups (see above). 
Unforuinately . many countries - about half - do not cross -classify these 
minor groups by levels of education.: We had, therefore, to confine 
ourselves to stud>-ing the educational profile of:; 

- a category we shall label "scientific and technical personnel" 
iSTPK composed of ISCO's minor groups 0-0, 0-1, 0-2 and 0-X; 

- the technician's category consisting of the single minor group 

Hi Problems of comparing levels of ed ucation 

Until recently, most studies aiming at international comparisons 
concerning the "q-aalitx-"' of the labour force have had to take as an in- 
dicator of the level of education approximations, such as enrolment 
rates, whether or not adjusted for the lengt^ of studies; the proportion 
of nauonal incorre expended on education: the proportion of university 
suident^ erj-oUed m the science and technolog\» branches, etc. * It need 
hardly be said that the authors were perfectly aware of the limitations 

* ^- riri.c-li: .^ . Jale."ser aZC P>an, The Qualitx of Labour and Economic 

rg-.gl'j r ~err IT Ce::^.' C^^TZ.es . '.10. C*ere%a, 1964, and Harbison and Myers, Education , 
Viry^er i:z Ic^-^^k Czowi:. , \'cC-rav» ^,ilt, :?63, which gives on page 27 a whole 
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of these indicators, which were adopted in the absence of comparable 
data on the educational stock of the labour force. Thus, country A, 
with a large scale recent development of secondary education to its 
credit, may show a high enrolment rate for the corresponding age group; 
but if this improvement is very recent, the annual flows of certificate- 
holders will barely have had time to make an appreciable difference to 
the educational stock of the active population. Conversely, country B 
may have maintained the same average enrolment rate in secondary 
education for 20 years; this country^s educational stock may then be 
higher than country A's, although its present enrolment rate may be 
lower.: There is all the more chance of such situations arising as the 
annual flows of certificate -holders entering the labour force are small 
in relation to the total stock, which in fact takes 40 to 50 years to be 
completely renewed. 

The advantage of working v/ith stock indicators rather than flow 
indicators is quite obvious in this case, although the problems of com- 
parison of the national classifier tions adopted for education may perhaps 
be harder to solve. A definite drawback of our data is that they only 
measure the stock of the formal by educated labour force, and hence do 
not take into account skills obtained by other means, such as on- and 
off-the-job training, experience in job operation, etc. Our data also 
give the same weight to a person educated forty years ago and one who 
finished his education one month before the census. 

The various methods of classifying the educational stock of a popu- 
lation have been the subject of study by different international bodies*, 
but no common pattern has emerged as yet. It is therefore, necessary 
to discuss the different classifications used in the couni ^es which are 
included in our analysis in order to understand more clearly the con- 
straints under which the common classification had to be adopted. 



a) Data by years of study within an educational cycle 

One of the more interesting methods of presenting the educational 
attainment of the population consists in a breakdown by years of school- 
ing completed within each cycle. Only four countries present their data 
in this way:, Chile, Ecuador, Honduras and the Philippines. They are 
followed by a group of six countries where the method used is to supply 
data, not by individual years of schooling completed, but by batches 
covering two or three years* schoolii^, either indicating the cycle 
concerned (Canada, United States, Israel, Panama and Uruguay) or not 
(Korea).: A direct comparison of these ten countries might necessitate 

* See for exam pit, Methods and Statistiral Needs for Edt : tional Planmng , OECD, 
1967, pages 144 et seq. As mentioned earlier,, UNESCO is well advanced in preparing a 
standard educational classification - the equivalent of ISCO for educational stock data. 
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the eliminatioa of Unig^iay izd ±ie I'zi'ed Suzzes . 2S tbe.r are not 
sufficiently detailed, as well as :sri£'.. -st^^s^ '>-nirig 3f: points" b\- 
years are very different froc: zhc^ 'Zs^d 'r- x'r*er c:c::iries,* For 
these countries, however. :zterpc".ir.r£i5. it^lv raiber rough, would 
be feasible. 

There remains nevertheless i ±ffir-L'.r.* :n corvemig /-ears of 
schooling completed"" into 'grices frrrr.s z^zc:.p\^le'S'\ I: is not al- 
ways clear from the data which cccc-enc "sris \.s^±. Nomaily. the 
number of years of schooLmg wcdd ever -^stin ate the n-inber of grades 
completed, because oi "repeats" . 

The classification 'oy nun'oer ct graiies c-rr-.pleten :5 of great in- 
terest lor any atteir.pt at an accirate c<mp^ir:s:c zc ibe e±:cat:oniT 
stock of two populations. ?re<?«er:Lv-: hcsperer :-.»e ccr-:n:r:es ^^ith this 
type of classification give Lttle ^r .jifrr— ar.rc 3n nrancbes of educa- 
tion within the various le^/els ncr is ±e 5eflni:iDn x a ""completed cy- 
cle ^ always very clear 



h| Classification by certificates ano itecrees rrca^'ei 

Census data concerning ieve's zt eir-caiijcial arLamnen; - France 
is a notable example - are bosec exclisive.T re c-rrtilicates and de^ees 
obtained.. In these cases, the aerial er.-: a:: :nal s:x:k :s considerably 
underestimated a pupil who has n^ver s--ccee5ei m passing the bacca- 
laur^at will be ciassrfiec m the nrimar:/ SsTior" certificate" categor>' 
(or even "without oipLonia' • . 

In general, however, mfomaticc ':n irrr.al r..alificanon5 obtained 
is essential in order to supclemen; iata :nic-erning years of school- 
ing. This IS particularly ±e cas<r a: ih^ higher level, and m fact at all 
levels where education is ncc strictly :r£an:S€C "it.- graies. Tliere are 
indeed many reasons to belie-ze that ibe *va.-e' of .->ne year of higher 
studies varies from country to cccntr^r. 

The problem could, of ccurse, arcrcacbec m anctber wa\ b\- 
considering years of higher sr^rr as beir.:g x er-al value m all countries, 
then the degrees themselves wculi nrc be ccnr.para'rle Thus, a first 
u.tiver3it>- degree of the B A rrpe m the I'mte-n States, cncamed after 
four years of college, is generally c-:nsi5eren zd less value thai; a first 
degree in the Netherlands. f:r examp'^e.. i^hich zz.ty req-.iire s:^ to 
seven years of full -ante sruQ- 

of years of scaccor.*, r.^n: I'Ji:^ r^.T. r :*s -s:. r:.j -or exiir.- 

pic. the case .'or \:itr.zir.i: 'j:* :au .:cc.:ir:'54 i:j ^?-::Ls:t; r.r-irfci r^e s£.Tp..- o: 
the 196>: ccnsLS, -sec -'^rr 5i.ca:icr,. r>T:i:i re^ex-prer. ,t /j- gerg^. r^EC?. 

Paru» 136". ror r ranee, see '.ne jc-c. -.ac^ -Jte Itjcr.: c Ir.oe r»f •ei:»wrerf Eco-- 
nomique et Social: L 6:uca-^c :e yc» >.Ut:jc ri.:;xje >ji ^vrLt toz se a l^S :. 
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In spite of these difficulties , the certificate or the degree remains 
the most usual criterion in studying the supply of and demand for quali- 
fied personnel. It constitutes practically the only "quality label" to 
facilitate the "trade" in graduates in the national and international 
labour markets. 

c) Classification by level of stud ies 

Some countries use the "level of studies reached" to estimate the 
educational attainment of the population. "Level of studies" is then 
synonymous with "cycle"; this is the case in Peru, Hong Kong and 
Norvv-ay. * The cycle may cover the whole corresponding level of edu- 
cation, or only half of it if the educational system divides each level 
into a lower and an upper cycle. In any event, it is always extremely 
difficult to separate those who have completed the cycle trom those 
who have only reached it, as the necessary information on dropouts is 
usually not available. Generally speaking, we have refrained from this 
type of approximation, except for countries distinguishing very short 
cycles - a maximum of two years 

d) Types of courses and subjects studied 

Ten countries state in varying detail the discipline in which univer- 
sity degrees were obtained. The breakdown adopted is the one recom- 
mended by UNESCO. For eight of these countries, the data by disci- 
pline can be directly obtained from the census returns**; for Argentina 
and Peru, the information can be drawn from the tabulations based on 
special samples of the census returns. *** Moreover, for the United 
States, the National Opinion Research Centre conducted an enquiry 
among 50,000 college graduates out of a total of 3,750,000 as given by 
the 1960 Census; a breakdown of these graduates into 15 disciplines 
is shown. **''* Such data by branch of university education are, unfor- 
tunately, too scarce to lend themselves to exhaustive statistical treat- 
ment. They are therefore, excluded from the analysis presented in 
Parts Three and Four.; 

At the secondary level of education, around ten countries again 
(but not necessarily the same as those mentioned above) specify the 

* For secondary education only in the case of Norway. 

Finland, Hungary, Israel, Netherlands. Norway. Portugal, Sweden and 
Yugoslavia. 

*** 20 and 10* respectively. For Argentina, op. cit. ,^ Part HI; for Peru, see Educa - 
tion, Human Resources and Development in Peru, OECD, 1968. 

**** M.A. Schwartz, The United States College Educated Population, 1960, National 
Opinion Research Center,, October, 1965, pages '72 st seq . 
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type of education taken:: general, technical or commercial. For the 
reason given above, these sub-divisions have to be ignored in the sta- 
tistical analysis, and "second-level" is used to cover all types of 
formal secondary education as given by the census data. 

iii) Common classification adopted for educational data 

The common educational classification adopted in the remainder 
of tiiis study is concerned with 25 countries representing a wide range 
of stages of development, since it includes the United States and Sweden, 
as well as Pakistan and Korea. Ten of these countries are Members of 
the OECD. Geographically, America is the best represented continent 
(with nine countries, including seven in Latin America), followed by 
Europe and Asia (with seven countries each) , and Africa with three. 
A complete list of the countries is given in Table A. 2 which also indi- 
cates in what form the educational data for these countries were avail- 
able. From the foregoing comments on the heterogeneity of the educa- 
• i nal classifications in use, it will be clear that the common classifi- 
cation finally adopted must be a compromise, and not a very detailed 
one at that. It had to be sufficiently wide to be applicable to a very hete- 
rogeneous group of countries, but at the same time sufficiently precise 
to have any meaning. In addition, we had to aim at the greatest possible 
number of observations by level in order to arrive at statistically mean- 
ingful results in the analysis. 

The classification finally adopted contains the four following levels 
of education: 

- university degree, 

- complete secondary and beyond, 

- more than eight years' schooling, 

- eight years* schooling or less. 

Two genero.l points have to be underlined; firSi,, the levels of edu- 
cation distinguished correspond as much as possible to actual stages 
in the educational system which are common to the 25 countries in the 
group. This is the reason why the above classification has taken as 
"cutting off" point eight years* schooling many developed countries do 
not make a clear distinction for levels below that corresponding to com- 
pulsory education. 

Secondly, the levels of education selected are cumulative rather 
than mutually exclusive. This w?8 done in order to avoid certain am- 
biguities in the definitions of intermediate levels of education (see 
below) 

Let us then briefly review each of the levels and give some indica- 
tion of their relative importance as well as of the problems they raise.^ 
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a) Uni/ersity degree 



A glance at Table A. 2 suggests that this level raises apparently 
the least problems for the countries under review, with a few notable 
exceptions, such as the United Kingdom* and Pakistan. We are here, 
of course, mainly concerned with the first university degree; only the 
United States and the UAR mention a "doctorate level"; these are in- 
cluded with first degrees. ** Some estimates had to be made, however, 
for those countries which classified their educational data by years of 
schooling, without mentioning degrees. These are chiefly Latin- 
American countries (Chile, Ecuador, Honduras) or Asian countries 
(Korea and the Philippines). Because of the long effective duration of 
studies frequently observed in those countries, the last two years of 
the study mentioned were considered as equivalent to a degrees Chile 
(fifth and sixth years), Honduras and Ecuador (sixth and seventh years), 
the Philippines (fourth and filth years), etc. The numbers, broken 
down by years of higher education, in fact suggest a massive outflow 
from the system before the last year mentioned which probably corre- 
sponds to the degrees obtained. 

It was not found practicable to distinguish a separate "sub-univer- 
sity" level. *** There exists in about a dozen of our countries a form 
of post -secondary non -university education, stratified in years and 
leading up to final certificates which are distinct from university degrees 
proper.: Enrolments in these types of education vary enormously from 
country to country; in some cases (Netherlands, Yugoslavia), a wide 
range of courses is offered, and the number of certificate holders may 
be of the same order of magnitude as that obtaining a university degree; 
in other countries, such education is principally confined to two types:: 
teacher training, and training for certain social services (Sweden, 
Hungary, Argentina). In these instances, the numbers involved are 
much smaller. 

Around ten countries give the number of persons in the population 
who have spent "some years at the university but without obtaining a 
degree"; obviously these are persons who left the university before 
completing their courses (United States, Canada, Korea, etc.).,**** 
With one exception - Argentina - these countries are different from 
those supplying data on post-secondary non -university education and 
mentioned above. At first sight, then, it is tempting to lump together 
those holding post-secondary non-university certificates and those who 



* The United Kingdom Census data give the educational attainment according to the 
age at which one left school. 

** This level should properly be called "university degree and above 
*** Or post -secondary, non-university level;; see Table A. 2. 
**** And, m general, all countries who have adopted a classification by years of study» 
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have gone through a number of years of university educaticn without 
obtaining a degree, on the assumption that they equal each other. 

In actual fact, this type of appioximation is beset with difficulties 
and may in many cases be misleading. Countries which have instituted 
post- secondary non -university education have done so with the primary 
object of broadening the educational possibilities of oifering specialized 
courses which are different from the traditional university courses. 

We did not, therefore, lump together "post-secondary non-univer- 
sity studies" and "some years at the university", unlike the Statistics 
of the Educational and Occupational Structure of the Labour Force in 
Fift y-Three Countries , where, for example, the Netherlands ^re shown 
to have 13. 6% of the occupational major group 0 with B-level of educa- 
tion, compared with 17.5% in Canada, although in the latter country 
post-secondary non -university education is Q uasi non-existent. * 

b) Complete secondary and beyond 

In this category are included all those who have completed full se- 
condary education. It, therefore, includes also university dropouts 
(see the arrows l€:ading from column (f) to column (g) in Table A, 2). 

Several countries do not show the "complete secondary education" 
levels with precision. Korea mentions 10 to 12 years of schooling cor*i- 
pleted; Panama, four to six years' secondary education, etc. The si- 
tuation is even less clear in Uruguay, where several types of education 
may be regarded fis equivalent to full secondary. Some interpolations, 
therefore, has to 'oe made.. 

Of the eleven OECD countries which provide data on levels of edu- 
cation, only seven are included at this level. The United Kingdom and 
France were eliminated for reasons already mentioned; Portugal was 
left out because the data do not allow the two types of secondary educa- 
tion of different duration, dispensed in that country, to be separated. 
Lastly, in Norway it was not possible to distinguish those vho had com- 
pleted secondary education from those who had not. 

c) Over eight years* schooling 

The study by Layard and Saigal, mentioned in the previous chapter, 
distinguishes between three levels of education below the "complete 

* It win be recalled that B-level stands for "more than complete secondary education, 
but without university degrees". Certain ambiguities arise also in the case of other countries. 
In Japan, for example. sub-univ2rsity education includes both the "higher schools" in the 
old system, which is a terminal education, and the present "junior colleges",, which are 
stepping stones to higher levels. 
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secondary ind over" level, namely ten years, eight years and Lv^e years 
of schooling, corresponding respectively to intermediate level (matricu- 
lation standard), middle level and primary level. Such a measurement 
of the educational stock (based upon the English educational structure) 
seemed to us neither feasible nor desirable. 

Of the OECD countr ^s, only three supplied unequivocal data below 
the incomplete secondary level: the United States, Canada and Yugosla- 
via. * Non-member countries have supplied fuller data for the lower 
levels, but these are hardly comparable: thus, full primary level may 
mean five to eight years* schooling, as the case may be, with only six 
countries specifying six years' schooling. This heterogeneity in the 
length of the primary cycle naturally affects the secjndary level, whose 
duration in years of schooling depends on that of ihe primary cycle. Thus, 
the distinction between the three levels of education (ten, eight and five 
years) would add to the risks of error because of the unreliable inter- 
polation ft requires.. 

The above considerations led us to choose only one level of educa- 
tional attainmer. oelow "complete secondary". This was fixed at "more 
than eight years' schooling", taking account of both the data available 
and the characteristics of the countries in our group, which includes 15 
developing and 10 industrialised countries. The strategic interest of 
this category of "more than eight years' of schooling" as a comparative 
level of education is obvious for this kind of macro-economic study, for 
it is the level which is virtually accepted as the period of compulsory 
education in the developed countries, and a level at which a minimum of 
formal qualifications can be obtained in the developing countries. 

In the statistical analysis which follows, the levels "more than eight 
years* schooling" and "eight years' schooling or less" will both be found, 
depending upon the occupational group under consideration or the kind of 
problem to be examined. 

d) Average number of years of education 

Lastly, it would be interesting to consider a synthetic measure 
summarising the total quantity of education embodied in a given popu- 
lation rather than a certain level of educational attainment. The aver- 
age number of years of education per head seems to provide the most 
suitable indicator. Its calculation involves a whole series of interpola- 
tions and investigations of the past education stock of the labour force, 
the structural changes within each system, etc. We shall rely heavily 
on the figures calculated by Layard,** 



See Table A. 2. column m. 
O p. cit. , Table 6, page 265. 
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3. PROBLEMS OF AGGREGATION 



We have heavily touched upon many of these issues in the two pre- 
ceding sections and particularly so in the last one. It will, therefore, 
be sufficient to summarize the arguments and to place then in a more 
general perspective. 

In the hypothetical event of the information at our disposal beirg 
highly disaggregated, an ambitious attempt could have been made to 
determine an optimum level of aggregation in the light of the various 
objectives of the analysis. According to information theory, such an 
optimum level could be defined as the equilibrium level at which the gain 
in "information" by providing a more detailed distribution of the data is 
just offset by the loss of "information" as a result of uncertainty, sta- 
tistical errors of measurement and classification, and, in the present 
case, lack of international comparability of occupational and educational 
categories. 

However, our data are not highly disaggregated, although certain 
possibilities of using the information on the occupational structure in 
more or less aggregate form did subsist. But the margins of manoeuvre 
are very small, i.e.,, the number of observations falls very rapidly as 
soon as more detailed breakdown are looked for. Since the bulk of the 
following analysis is carried out with the aid of regression analysis, 
the levels of aggregation had to be fairly high. It is precisely for these 
reasons that we decided to undertake in Part Five - using other statistical 
techniques - a few case studies for those countries which had substantially 
more detailed data available. 

In Parts Two to Four , however the following levels of aggregation 
for the various classifications used were practically imposed upon us by 
the data and statistical constraints. 

i) The analysis of the occupational structure by economic sector:: 
although in certain cases, occupational data were available up to 
the three-digit economic sector level, the minimum number of ob- 
servations we had to adhere to did not allow us to go beyond the 
eight one-digit sectors of economic activity, except in the case of 
manufacturing, where the analysis could be pushed down to the 
two-digit sector level. The occupational distribution could be 
disaggregated for certain strategic two-digit professional occupa- 
tions and also for the three-digit engineering category (see Part 
Two). 

ii) This analysis of the educational profiles of occupational 
groups: in this case, it will suffice to refer to the preceding sec- 
tion of this chapter. The investigation was possible at the level of 
the whole economy only and for the educational categories mention- 
ed in section 2 above (see Part Three and, for a more detailed 
analysis. Part Five). 
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iii) The analysis of the educational structure by economic sector? 
some educational categories as above; four one-digit economic 
sectors (see Part Tour).^ 

It may be of interest to return briefly to the four studies reviewed 
in Chapter II of the first volume and to refer specifically to the way 
problems of aggregation were handled. In all these studies, the anal- 
ysis is at a higher level of aggregation than will be the case in the 
present investigation, with the partial exception of the Horowitz study. 
This author makes u strong case for the necessity of disaggregating as 
much as possible ir terms of both economic sectors and occupational 
categories.. In his statistical annex, he presents, for 17 countries, up 
to 225 occupational categories classified by up to 58 economic sectors. 
However, the regression analysis he carries out is done with only five 
very broad occupational categories, albeit for a certain number of two- 
digit economic sectors. 
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i) Sources of Table A. 2 



The figures in this table are drawn from Statistics . . op. cit . , 
OECD, Paris, 1969., In certain cases, as indicated in the notes, they 
have been supplemented from other easily accessible sources. 

The 31 countries with roughly comparable educational statistics 
are shown here; for the statistical analysis, we used only the 28 coun- 
tries which could be included in a common classification without exces- 
sively unreliable approximation or interpolations. The United Kingdom, 
Finland and Peru were excluded. 

Other countries (Jamaica, Czechoslovakia, Thailand, USSR) 
supplied interesting data about the educational stock of their labo * 
force, but these were too incomplete or remote from the common 
classification adopted. 

ii) Key 

An "X" at the intersection of a line and a column means that the 
statistical figure exists and is directly usable; in this case, is 
shown on the left-hand side of the column., 

'OC'Ms sometimes replaced or accompanied by an explanation in 
full; in this case, the figure exists, but is only usable after interpre- 
tation.. 

'*X" is sometimes shown in the middle of the column (column g).. 
This means that the figures for this level of education only exist in 
combination with those for the level immediately above; the latter are 
presented by arrows leading from column f to column g. 

iiQtf Mrpit^ ttr;«t and "A*^ stand for General, Technical, Commercial 
and Agricultural. 

'OC" in the middle of a horizontal line joining several columns 
means that the figures are not available in the detail required by the 
column headings. 



Notes 

(1) Figures also exist for the previous decade, in the 1951 census 
returns , with some slight differences in the method of classifi- 
cation.. 

(2) Tlie figures cannot be used without some approximation, owing to 
the co-existence in the country of several systems of education.^ 
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i3> For the 1950 iigures,^ see Statistics . . op. cit . , OECD, Paris, 
1969. 

Column d. see The United States College Educated Po pulation: 
1960 by M A. Schwartz, National Opinion Research Center, 
October. 1965, page 73 et seq . 

Columns 1, m, n^ figures drawn directly from the American 
Census,' not af)pearing in the OECD volume.^ 

jt4> Oata exist b\- years of schooling for 1950, but their comparison 
\Mth the figures for I960 raises certain problems. See the results 
obtained by R. Trajtenberg, In an appendix to the Technical Eval- 
uapon of the First Sta g e of the Mediterranean Re g ional Pro iect , 
OECD. Paris, 1966, pages 137 et seq . 

Those who completed g eneral secondary education are not sepa- 
rated from those who merely began it,^ 

i6i It uas not possible to distinguish between those holding a general 
secondary school certificate after nine years ^ schooling and those 
Nfcho obtained it after eleven years' schooling; the first group has, 
in fact, only "mcomplete secondary" education, according to our 
comparative criteria. 

\7\ Similar figures are also to be found in the 1951 Census returns 

iS» The data supplied b\- the OECD volume were completed from the 
"Yugoslavia" Report.- Mediterranean Regional Pro j ect , OECD, 
Pans. 1965.' and the document DAS/MRP/66. 2 , The Development 
of Education in Yugoslavia in the Period 1966-1970 and its Ada p- 
tation to the Needs of the Econom v and Societ \' 

^9) The figures are drav^-n from a census sample (20%); most of them 
are published in Education. Human Resources and Development In 
Ar gentina . OECD.. Paris, 1967. Some other unpublished tables 
in more detail give a breakdown of the active population into 98 
occupational groups and 56 levels of education, 

UO^ Note the inconsistencif^s between Tables 11. A. 1 and 111. I in 
Staustics . . op. cit . . OECD,. Paris, 1969. 

Ul) From SLX to ten years' schooling.^ 

il2^ With and \mthout vocational training., 

\13^ The figures by levels of education are broken down by economic 
sectors.^ not by occupational categories., 

{14> The classification by groups according to years of schooling is 
only directly usable at "full secondary'^ level. 

{lo) The classificanon is made iccording to certificates obtained; it 
allows,, however, for a rather good appreciation of the educational 
stmcture of the labour force.. 
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Annex B 



LEVELS OF EDUCATION OF THE 
DIFFERENT OCCUPATIONAL CATEGORIES AND 
TECHNOLOGICAL INDICATORS: MULTIPLE AND 
STEP-WISE REGRESSION EQUATIONS 



The analyses included in this Annex should be considered as a 
follow-up of those presented in Chapters DC and X of the first volume. 
In these Chapters, we tried to '^explain'* the educational level of occu- 
pational categories by using technological indicators tested one by one 
successively. The purpose of this Annex is to determine whether the 
fraction of the variance of educational levels of occupations "explained" 
by one technologic^ indicator , increases when a second one is intro- 
duced into the equation. 



1, MULTIPLE REGRESSION EQUATIONS 

It will be remembered that we were guided in our choice of ex- 
planatory variables for the simple regression equations by the desire 
to allot to the "capital" variable ( 2I/L) a role similar to that played 
by X/L. Thus, just as a certain level of labour productivity required 
a certain level of education in the work force, the capital invested per 
person employed required manpower with the necessary qualifications 
for its utilisation. 

The quality of the correlations obtained varied according to the 
categories and educational l^^vels, with perhaps a slight advantage in 
favour of labour productivity. However, the simple fact that X/L and 
S I/L were tested separalely clearly shows that these two variables 
were regarded as more or less Interchangeable. 

Our present aim is quite different, i.e.. , to ascertain whether the 
variance of the dependent variables which is not explained by produc- 
tivity can be wholly or partly explained by introducing the "capital 
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intensiveness ar.irle ZZ 1 .z: e-:;.^:::c Tr^s or king hypoth- 
esis thus rests on :he ::r:-P*.eT.er:ar.:-. :: :"r.r e.\rl3r.^:or\ variables. 

It can indeed ce arr-ec ::-a: aJtere*: er-ca:::ca'^ s:r«cr-res rr.ay 
correspond :o a r.vei leve.. ;r:c-::^-.-.r. a:::r±.Zfr ^^het'-'er pro- 
duction techniques .:ne jo^-jirr-., r rre cariial^ :r.ar. :n another. 
More specifically, lec -S a5S^e':ha: r^r c^-Jirr.e? A and B. have 
roughly the sar-.e leve.« :c pr .r. ano :r.i: x and > per cent of their 
respective labour force are inivers::;. rrar-a'.es Le: j.5 ass'^.e that 
B has invested n:ore :han \ and tZ'ereirrc rrrr.irl;. en-.plovs nr.ore 
sophisticated produc^cn :ez'r—z-.e5 --11 -jreir ipp.:ca::cvr. de^nand a 
different proportion Dt ^rar^ates y-T = \ 7 ^ -il: B need n*.jre 
graduates than .\ 'V-^ > .zsti^ad. •5.-I.. rr:»r-c::on ;ecrjuc;jes 
enable it to "econon::se -znls r«a.-':c-d rrar^a:cs j. T < x7( 

To try :j find answers :r Xr.ese r-esr.rn* "^^c sha/l ^se :wc nr/jli]- 
pier egr es s 1 c n eq*^ a :: 0 ns . n ;r.«c : .11: -^ - r : : 7 

log iLjk. Li = l:g a - r l^£: 1 - ^: ..-^ I l 

log ikj) = log 2 - c .:c X 1 * V .:t£: I : I 

The full resul:s are c.ven .n Table? B 1 an-d B 1 I: ':an be seen from 
CL glance a: those :arle= :ia:. 

a ) ve ry ; e w ot the c:rre.a:::n5 are arc r c-: . 1 : 1 rr. rr c*'* e d b\ m - 
troducini: Z ': L * 



b» the ir.n^ense 
lean:. 



::«e::.::er.:5 are r.y, s:snil- 



The fact :ha; :he .:ra::, :n ;•: '^.e :'Tt:-a-.r.ed i ar.ar.ce :vf :be dependent 
variable does ncc increase *-i:n tre .ntr .-•r.ct: :n ;.f :-ap.:al'" per person 
employed :hus seer.s sh: - :na: X 1 an: I 1 eacn rr-.ore cr less 
closely correlared *"::h ".he e-r-:at::na"l and v:w-n^:.rna. str^crare 
acco^din^ .to :he le%els ar.i ":r :a:e'j::r.r5 rrns.a-ered are nr. cornple- 
mentary. as n^.izh; have :^en ui'-zn: 

This 13 d\e :o the h-^h c:rrc.az:n z^:^eez X 1 and I : L. R = 
0.94 ^ith 22 o"cserva:::ns. A :l:sc ii-.^-earir, z^era^-eez the two ex- 
planatory var:ahles :t a r:-l::?.e rerress.m er«az^n in fact results m 
some tndeterm:n.-^:on :•: :he p.ane :c ;:rrc.at::n ::r ihe equation the 
observations for the :r^ee var:ar.es ::r7e.i:ez a.r-ng a sn-aigin line 
m three-<iimeni::r2, space Tiere vi-.... ':r.-s an in:.n.te n^rber of 
possible planes passing :nr -a; irri^vh; .ine 



ERLC 




V 



£ 
I 

I 
o 

r 

8 

o 

5 ff 
I I 

o o 

1 1 



s 5 

I i 

0 o 

1 I 



I 



s s 

0 e 

! 5 

1 I 



s s 

I t 

1 1 



1 I 



§ 

5 

i 

o 

7 

d 

8 5 

I I 

1 ? 

2 i 
§ I 



5 5 

0 d 

£ 8 

1 I 

I I 

0 o 

1 1 



I \ 

e o 

5 ! 



5 P 3 g 
gill 



P 5 

!! 

!i 

? 7 

; : 

5 S 

0 o 

!! 
il 

^ d 

S 2' 
7 - 
S S 

d o 

« 5 

1 t 

I I 



s s 

1 1 

5 i 

? I 

o o 



s s 

0 o 

i 

1 i 

! * 

s 5 

I I 

•H o 

; ^ 

s s 

0 o 

z i 

1 I 

0 o 

"is" 

1 I 



s ft 

7 

S 

1 1 

? ? 

I I 



7 * 



7 * 



s s 
7 - 



8 2 
7 



I I 



7 7 
^ 5 



0 o 

1 I 

0 o 

S 9 

1 I 



i I 

s 5 



7 

I I 

f S 

I I 



7 - 



7 7 



5 ? 
7 * 



£ 2 
7 * 



S 2 
7 7 

5 5J 



« i 

I I 



g 2 

d M 

0 o 

1 t 

d d 

s a 

7 7 

^ 5 

e o 

g s 

I I 

0 d 

1 5 



7 7 

d o 



0 0 




00 00 


1 1 


d 0 




0 

1 


li 




f 


1 


I '1- 


1 


II 


1 i 


1 


1 





ERIC 



35 



The method of calculating 2 I/L si certainly at least partly respon- 
sible for this high correlation with X/L. There is, of course, nothing 
new about these statistical links between investment and productivity, 
but they are here strengthened owing to the fact that 2 I/L is calculated 
for tlie eight years precedin g the census, whereas X/L indicates the 
level of productivity in the census year. 

More specifically, tliis means that any variation in 2 I/L results 
in corresponding variations in X/L, owing to the high correlation be- 
tween the two variables; or ascain, that if two countries, A and B, have 
the same level of productivity, their levels of investment will also be 
similar, in which case the differences observed in the educational 
structure cannot be "explained** as suggested above. 

Time series, and a more "refined" assessment of 2 I/L, may, 
however, well lead to different conclusions [Layard and Saigal intro- 
duce the discussion in terms of a classical production function. Our 
variable 2 I/L, shown as the X-axis in the graph illustrating their 
study (page 228) instead of the capital-labour ratio K/L, would have 
the effect of merging the two curves T2 and Tl together, owing lo the 
very high correlation with X/L. The only changes in educational struc- 
ture to be considered would then be changes along a single pi oduction 
function , the same year being taken for all countries] Such a cross- 
section analysis as that made by us, taking accomit of the sometimes 
rough approximations which affect our variables, thus allows the changes 
in the production function to be ignored; the analysis thus contributes 
to the building of a rather artificial universe where the ownership of 
trade secrets or industrial patents carrie* no special advantage, the 
international flow of technical knowledge is unrestricted, its embodi - 
ment proceeds at roughly the same rate in all countries, etc.. These 
assumptions are in fact frequently* adopted. 

LdStly, as regards the imprecision of the regression coefficients, 
it is known that important standard deviations are a direct consequence 
of collinearity between explanatory variables. It will thus not be pos- 
sible to separate the influence of X/L and 2 I/L, still less to estimate 
their effects on the dependent variable. 

As an example, one of the least unsatisfactory equations in Table 
B. 1 is given below:. 

log (Ljk/Lj) = 1.10 +0. 59 log (X/L) - 0.37 log (L I/L) R = 0.65 
(0.25) (0.20) 



* For a typical and very familiar example,^ see, "Patterrii of Industrial Growth",; 
by HoUis B. Chcnery, American Economic Review ,. September 1960. 
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where j represents major group 2 and k "mo^'e than eight years' school- 
ing**. The correlation is slightly better by comparison with the simple 
regression equations; R = 0.45 was obtained for X/L, and R = 0.31 for 
2I/L. If it is further admitted that the coefficient of elasticity for 
Zl/L is significantly different frorp 0, for the time being leaving thi, 
standard deviation out of account, this negative coefficient would m jan 
that, as 2 I/L increases Ljk/Lj diminishes, and vice versa , X/L being 
kept constant. Stated another way, some substitution would be possible 
as between physical and intellectual investment.. 

This being granted, our standard deviations preclude any such 
conclusions. If any further proof were needed of the imprecision of 
these results, it could be found in the fact that the regression coeffi- 
cients for 2 I/L in Tables B.l and B.2 are sometimes positive and 
sometimes negative, for no known reason. 



The conclusions in the previous paragraph will be further strength- 
ened by the use of the step-wise system with the three economic indica- 
tors, productivity (X/L), investment (2 I/L) and the non-monetary in- 
dicator (le). It may be pointed out that the originality of this type of 
equation lies in that the explanatory variable showing the best correla- 
tion with the dependent variable is selected first, and that a second 
variable and, if need be, a third, is introduced only insofar as they 
help to improve the correlation. This procedure reduces to some ex- 
tent the arbitrariness of any enforced choice of explanatory variables, 
and enables the variables giving the best correlation to be selected 
directly. 

Let it be said at once that the results obtained with the step-wise 
equation will do nothing to alter our opinion with regard to t*^ ' rnita- 
tions of * 'explanation" supplied by economic variables. Thus h re again, 
any improvement (usually very slight) in the correlation coefficients is 
counterbalanced by such large standard deviations as to rob the regres- 
sion coefficif;nts of any significance. 

As examples, the following results were obtained, with j represent- 
ing major group 0 and k "university -degree level or above":: 



The slight differences compared with results in Tables lll-l and III -2 are due to 
the number of observations. 



2. STEP-WISE REGRESSION EQUATIONS 



log (Ljk/L) = - 1. 83 + 1. 23 '.,g (le) 
(0. 21) 



R = 0.79* 
N = 22 



* 
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as 



log (Ljk/L) = -1 .33 +2.14 log (le) -0. 60 log (2 l/L) 
(0.53) (0.32) 



R = 0.83 
N = 22 



or alternatively:' 



log (Ljk/Lj) ^ 0.68 + 0.42 log (le) R = 0.41* 

(0.21) N = 22 

log (Ljk/Lj) = 1 .34 + 1 .62 log (le) - 0.79 log (2 I/L) R = 0.63 

(0.48) (0.29) N = 22 

log (Ljk/Lj) = 1 .24 + 1 .56 log (le) - 0.84 log (I l/L) + 1 .08 log (X/L) R = 0.63 

(0.56) (0.37) (0.48) N = 22 



This goes to show that a piane can be determined with the le, pro- 
ductivity and capital -intensiveness variables despite their high collinearity 
R = 0.92 between le and 2 l/L, R = 0. 93 between X/L and le. This may, 
however, be due to the low simple correlation obtained between Ljk/Lj 
and le. 

In any case, these examples are too isolated for any general con- 
clusions to be drawn. It will, however, be noted that the elasticity for 
capital intensiveness is sometimes significant and negative; it partly 
offsets the distinctly higher elasticity for le as soon as 2 l/L is intro- 
duced. Thus, if log (le) rises by 1%, log (Ljk/Lj) rises by 0.40% in 
the simple regression; if, furthermore, log (le) and log (2 I/L) each 
rise by 1%, log (Ljk/Lj) rises by 1.62-0.79 = 0.83% - more than double. 
This shows, in particular, that the difficulties of interpretation are 
practically insuperable if no allowance is made for the standard devia- 
tions of the coefficients.. 



* The slight differences com par with results in Tables III-l and III -2 are due to 
the number of observations. 
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Annex C 



ANALYSIS OF THE OCCUPATIONAL 
AND EDUCATIONAL COEFFiaENTS 



The analyses presented in Parts Two, Three and Four of Volume 
One have focused exclusively on the percenta ge distribution of occupa- 
tional categories and educational levels in the labour force, and on the 
factors likely to have an influence on this distribution. 

It is also possible to analyse occupational or educational coefficients. 
Tliese coefficients are defined as the number of persons in a given cate- 
gory required to produce a unit of output, here one million of US dollars. 
They can be considered as the inverse of partial labour productivity. 

They may have certain advantages over occupational or educational 
categories expressed as a percentage of the total or sectoral labour 
force. First, these percentages are sometimes very small: proportion 
of highly qualified manpower, proportion with a University Degree in the 
total labour force, etc. They may, therefore, be very sensitive to 
changes in quantitatively more important categories:! a relatively small 
change in the latter may have an important impact on the former. On 
the contrary, the occupational coefficients are mathematically indepen- 
dant from one another. Second the coefficients have the advantage of 
linking the number of persons in a given occupation directly to output, 
which is variable more readily available than most others. 

In this Annex, we will present a few analyses referring to the fol- 
lowing coefficients:* 

Lj/X :: number of persons in an occupational category j per one 
million dollars worth of output (occupational coefficients) ; 

tk/X number of persons with a level of education k per one 

million dollars worth of output (educational coefficients); 
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Ljk/X I' number of persons in an occupational category j with a 
level of education k per one million dollars worth of out- 
put (occupational-educational coefficients): 

Lik,;Xi number of persons working in a sector i with a level of 

education k per one million dollars worth of sectoral out- 
put (sectoral-educational coefficients). 

We will show in Section 2 of this Annex that the parameters of the 
equations having a percentage as a dependant variable, are linked to 
the parameters of the equations having a coefficient as a dependant vari- 
able by a simple mathematical relationship, whenever labour produc- 
tivity is taken as the independant variable. 

That is why it is not necessary to repeat here the bulk of regression 
analyses presented in the First Volume. 



1. ANALYSES OF OCCUPATIONAL COEFFICIENTS 

As stated above, there is a fixed relationship between the para- 
meters of the equation:: 

log (Lj/L) = log a + b log (X/L) (1) 

and those of the equation :i 

log (Lj/X) = log a + b log (X/L) (2) 

It is intuitively clear that, whenever the elasticity between Lj/L 
and X/L is equal to one in equation (1), Lj/X is constant. In the same 
way, whenever the elasticity between Lj/L and X/L is superior (or 
inferior) to one. this meajis that Lj/X will show an upward (downward) 
tendancy as X/L increases. 

The analysis of the occupational structure presented in Part Two of 
the First Volume has shown that, in all sectors except perhaps in Manu- 
facturing,, the majority of elasticity coefficients with respect to X/L 
were less than one. The consequent fall in the partial labour/output 
ratios can be compared to the fall in the capital/ output ratio observed 
in many countries as the ecor'my develops. * 



* See, for example, S.J. Patel "Incremcnul Capiul Output Ratios", Kykloi, 
Vol. XXI. 1968. 
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Having aiid this, graphic analysis is still interesting to show that 
there is a wide dispersion among occupational coefficients around the 
mean value, although, for some groups of countries, these are fairly 
stable within a given range of productivity.^ 

Let us examine, for example, some of the equations Lj/L = f PC/L) 
with a regression coefficient equal to one: see Table II-l in the First 
Volume. This is the case for STP category (0.98) and for the minor 
group 0-0: engineers, etc. (1.06). Their corresponding occupational 
coefficients would, therefore , have a tendency to remain constant. That 
this is indeed the case can be verified in Graph C. 1 , where the coeffi- 
cients for 0-0 are related lo output per worker. It also becomes clear, 
however, that variations around the average are quite considerable, as 
could already be deduced from the size of the standard deviation of the 
regression coefficient:! 1. 06 (0. 13). * For the same reason an even 
grpRter variation around the average can be expected for the STP cate- 
gory. 

In manufacturi ng, it will be recalled, the regression coefficient of 
m.g. 0 was exactly unity when related to sector labour productivity 
(see Table II-2). Graph C. 2 - which shows the corresponding occupa- 
tional coefficient related to sector labour productivity - again illustrate 
the substantial differences arouiid the average:* the coefficient in ques- 
tion varies mainly between 7 and 20 per million dollars of sector output, 
irrespective of the level of productivi ty. 

T\ie number of illustrations could be greatly extended, but this 
would not lead to a cleai*er insight than that obtained in Part Two. 

Of course, it is always possible to isolate on the graphs a few 
groups of countries for which there is a tendency towards constancy of 
the occupational coefficients. However, our conclusion is that, although 
this tendency does exist in certain cases, the limits within which the 
coefficients can vary are considerable. W?th the data available for the 
present study, it is not possible to push the investigation any further. 
Quite clearly, it would be of the greatest interest to extend the analysis 
on a case study basis by taking the countries with different values of their 
occupational coefficients at the same level of development or, vice versa , 
to deepen it - by bringing a host of additional explanatory variables into 
the analysis - in order to determine which are the most important fac- 
tors behind those variations. 



* see Table II- 1. 
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2. ANALYSES OF OCCUPATIONAL-EDUCATIONAL 
COEFFICIENTS 



Our aim here, then, will be to try and discover any econometric 
links between these coefficients and levels of economic development. 
The value of the operation is two-fold:: 

a) To anyone interested in a detailed study of the factors of pro- 
duction, it may be useful to know what occupational structure and/ or 
educational inputs correspond to one unit of output at a given level 
of development.. Are the structure or inputs unique - and comple- 
mentary - or are certain substitutions possible, and if so, under 
what conditions? 

b) If the aim of the analysis is to forecast requirements by occu- 
pational categories and/ or levels of education, the data sought 
(Lj, Lk or Ljk) can then be deduced directly from the product X 
rather in from employment L. 

Use of the coefficients thus offers a method of by-passing employ- 
ment forecasting, itself the resultant of output and productivity fore- 
casting; the advantages are ap>. ciable, considering the uncertainties 
inherent in the latter It goes without saying that the use of the "direct 
approach" linking occupation and/or education with gross product by a 
simple ratio can then obviate any reference to labour productivity, no- 
tably its adoption as an explanatory variable. 

It would be possible with these coefficients to repeat the different 
types of analyses dealt with in Part Three, namely: 

- analysis of the links between the coefficients and economic 
variables (Chapters DC and X); 

- influence of the "supply" from the educational system on the 
coefficients (Chapter XII); 

- reaction of the coefficients to the combined influence of the 
economic indicators and the supply of graduates, the last two 
factors showing a fair degree of interdependence (Chapter XIII). 

In actual fact, apart from the procedure being somewhat wearisome 
for the reader, the results obtained hardly justify such a procedure. 
With the exception of a few ^oups of countries whose behaviour is "con- 
sistent", the evidence in most cases shows, the coefficients to be ruled 
by complex sets of factors which cannot be grasped through any macro- 
economic study. 

We shall, therefore begin by studying the links betvsreen the different 
types of coefficients ; we shall then consider some o^ the coefficients in 
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conjunction with some development indicators. We shall end by testing 
graphically certain coefficients for labour productivity, with the sole 
object of finding out whether any groups of countries showing the same 
beha\'iour can be identified. 

1) Analysis of the Relationships Between Coefficients 
This malysis has a dual aim: 

a) to confirm certain relationships arrived at in Part Three, and 

b> to choose certain representative coefficients to be tested in 
relation to the economic variables » if there are high correlations 
between coefficients. 

Of the twx> sets of equations ^-hose results are shown below one can 
recognize readily 

a) the one ^inch allows the trend of the educational profile of a 
given occupational category to be plotted 

log jLjk Xi = log 3 - b log (Lj/X) See Table C,l 

Here elasticities must be compared within each occupational group, 
i. e. . "horizontally", so as to obtain some idea of the respective trends 
of the different Ljk^s as funciious of Lj; 

b> a second set of equations which makes it possible to determine 
the occupational choice of graduates at all levels: 

log ajt X) = log 3 - b (Lk, X) See Table C. 2 

Here elasticities must be compared at each level of education, 
i.e.,x 'vertically"', so as to obtain some idea of the respective trends 
of the different Ljk's as functions of Lk, 

The results in Table C. l confirm what common sense would sug- 
gest.- for example » when the number of "professional and technical 
workers"' per unit of output (Lj/X) rises, those with the lowest level 
of education are mainly responsible for this increase:* b = 1.6 at D 
level and b = 0.9 at C le\*ei. Furthermore, the high elasticities at the 
"eight years' schooling or less" level show that this is a general rule 
for any occupational group,^ one exception » however, being group 2, 
where the proportion o^ universit>' graduates per unit of output (Ljk/X) 
also tends to rise rapidly. 
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Turning now to Tnble C. 2, it will be noted that at all levels of edu- 
cation elasticities are higher for the lower categories on the occupational 
ladder (clerical workers, sales 'vorkers, manual workers and crafts- 
men) than for the others: an increase in the number per unit of output 
thus operates in favour of the less highly educated categories, whose 
relative position is improved. Elasticities in the higher categories r re 
of course po'itive: that is to say, LJk/X continues to rise, although 
more slowly, as Lk/X rises,^ 

Interesting as these findings are, they refer us back to the main 
problem, namely, that of the links between the coefficients and economic 
variables.. Are the values of these coefficients low, as might legitimate- 
ly be supposed, in countries with a high capital density and a highly ef- 
ficient work organisation, where full dissemination of information is 
taken for granted? Or are there some "structural'^ factors which may 
affect the value of the coeffjcients? 

ii) The Coefficients and Economic Variables 

As pointed out in the introduction, a vital step is to determine the 
direction and causal factors of changes in the occupational or educational 
coefficients (Lj/X or Lk/X)^ There is no need to point out the direct 
relationship they establish between the occupational category and/ or 
level of education, on the one hand, and a fundamental economic aggre- 
gate, on the other < They are the equivalents of the Leontieff-type tech- 
nical coefficients. 

At the same time, some understanding is needed of variations in 
these coefficients. For instance if the "professional and technical 
workers" category is 'considered, it can be postulated that the number 
needed for the production of one million dollars' worth of output (Lj/X) 
is primarily a function of the level of development attained. It can thus 
be assumed that in an industrialized country, activity will be more cap- 
ital intensive, the organisation of work will be better, especially owing 
to che presence of middle-level technical personnel, and, as a t ^alt, 
the "individual effectiveness" of the professional worker will be greater:^ 
hence Lj/X will be low. Conversely, the need for professional workers 
per unit of output in the developing countries will be high owing to the 
absence of communications, faulty job distribution, the often small- 
scale craft nature of production, etc. Graph C.3, where the level of 
development is represented by the GDP per ca pita income X/P, only 
partially confirms these assumptions. While the industrialized countries 
are closely aligned, with Lj/X ranging from 100 in Yugoslavia to 15 in 
the United States, the scatter for the other countries is harder to inter- 
pret;' the negative correlation is less clear, with a number of countries 
clustered round Lj/X = 50. 
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The regression equation for Graph C. Sis as follows 



log (Lj/X) = 2.92 - 0. 29 log (X/P) 
(0. 07) 



R = 0.67 
N = 25 



If this type of equation were to be used for an industrialized coun- 
try, there would obviously be an advantage in choosing a sub-sample for 
this type of country; for the developing cotmtries, account would have 
to be takin of the constancy of Lj/X - lying between 40 and 60 - up to a 
GDP per capita of $ 700. This is not, in fact, due to classification 
problems, in view of the size of the category considered. A still more 
disturbing factor is this-.: if Lj/X - j representing scientific and tech- 
nical workers - is matched with X/P, there is no relationship what- 
soever, as shown by the following equation:: 

log (Lj/X) = 0.48 + 0. 08 log (X/P) R - 0. 13 



The relative alignment noted for major group 0 as a whole is thus 
largely to the non-scientific categories, for which the hypothesis of a 
strict direct link with production is hardest to uphold. 

Similar results were obtained with "administrative and executive 
workers . . .: for which we find-.: 

log (Lj/X) = 2. 20 - 0. 24 log (X/P) R = 0. 36 



In this case , however , the problems of classification could justly 
be incriminated, although they should confirm rather than contradict 
the general rule that fragmented production structures, and thus Ugh 
Lj/X*s, coincide with low GDP per capita , while the integrated struc- 
tures are the prerogative of advanced coimtries.: 

In the face of these meagre results, it may be noted a) that it is 
less the occupational coefficients which should be linked with the l^vel 
of development than the same coefficients weighted by the level oi edu- 
cation Ljk/X, the latter being the real indicator of the level K qualica- 
tions, while the occupational category serves only for classification 
purposes; and b) that the level of development express^.d by X/P may 
not be a precise indicator of the level of technolo gy, v nich should be 
nr.ore exactly calculated by using more specific var' bibles. 

These observations do not, however, take us much further forward, 
to judge from the following statistical results. No significant correla- 
tion was found for Ljk/X, whatever the level of education considered. 



(0.15) 



N = 19 



(0.13) 



N =25 
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G;aphC*3 

NUMBER OF i PROFESSIONAL AND TECHNICAL WORKERS i PER UNIT OF OUTPUT (Li/X), 
AND GOP PER CAPITA (X/P) 
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Moreover, it was decided to represent the level of technology by the 
sum of recent investments 2 1, or by the proportion of exports in gross 
product E/X, as providing a good indication of the competitivity of an 
economy with respect to others; as such E/X would reflect not only the 
level of technology', but also the general degree of organisation of an 
economy, the quality of its management, etc. 

A few results follow which, to say the least, do not confirm the 
above hypotheses: 



log (Ljk/X) = 0.45 + 0.05 log 2 I 
(0.09) 



R = 0.12 
N = 22 

j = major group 0 
k - university -degree 
level or above 



log (Ljk/X) = 0. 57 - 0. 22 log (E/X) 
(0.;i5) 



log (Ljk/X) = 1. 72 - 0.28 log (E/X) 
(0.16) 



R = 0.21 

N = 19 



3 



R 
N 

3 
k 



sub-groups 00/01/ 
02/OX 

■ university -degree 
level or above 

0.37 
= 21 

■ major group 0 

■ completed 
secondary level 
or above 



These results do not even enable the sigri of the correlation to be 
unambiguously determined. Before concluding that the variables are 
independent, we will examine Graphs C.4 and C. 5, on which an eco- 
nomic variable and an educational coefficient (Lk/X) were plotted in the 
hope that if all graduates Arere taken into account there might be some 
improvei iirnt ia the correlations. It will be seen that nothing of the kind 
happened. 

Graph C.4, drawn up 7th 2 I/L, shows instead that the number of 
university graduates for one million dollars* worth of output varies from 
3 to over 40 for between $ 500 and $ 1,300 invested per head. On the 
same graph, moreover, the developed countries are aligned around a 
mean position (Lk/X = 8); the correlation tends to be positive, so as to 
suggest that the density of capital required an increase in the input of 
qualified manpower per unit of output. 
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Graoh C-4 

NUMBER OF PERSONS WITH lUNIVERSlTY DEGREE* PER UNIT OF OUTPUT ilk^X). 
AND GROSS CAPITAL FORMATION PER iORKER 111' L) 
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In Graph C. 5, the points are also widely scattered, nor can the 
industrialized countries be dissociated from the others. The slope of 
the fitted line, although not precisely determined, is nevertheless 
clearly negative, as the following equation indicates: 

log (Lk/X) = 2.31 - 0.41 log (E/X) R = -0.44 

(0.19) N = 21 

k = completed 

secondary level 
or above 



Lastly, two other explanatory variables were tested: first, the 
gross domestic product X, in the hope of taking account of economies 
of scale; a sufficiently large X would at first sight appear to be the 
requisite for an extreme division of labou" resulting in low Lk/X*s. No 
satisfactory results were obtained here. 



Second, the total population P may be thought to influence the value 
of Lk/X; with the object of confirming the pressure of demography on 
the value of the coefficients, Lk/X = f (P) was tested. Curiously enough, 
the results are '^better" at university-degree level: 

log Lk/X = 1.33 + 0.24 log P R = 0.40 

(0.11) N=25 



than at the "more than eight years* schooling" level: 

log Lk/X = 2.22 + 0. 11 log P R = 0. 29 

(0.09) N = 17 



although normally the latter should be more closely affected by ihe 
demographic pressuie, if any, than the university -degree level. 

International comparisons at the macro-economic level thus do not 
enable aiiy rules, even of the most general kind, to be formulated re- 
garding the constancy or variation of coefficieiiis, ^th the possible 
exception of some negative correlations between Lj/X and per capita 
income, and here for certain occupational categories alone. It must 
be concluded th£.t factors other than the macro-economic indicators 
affect the behaviour of these coefficients through a complex relationship 
which remains to be determined.. 



iii) The Coefficients and Labour Productivit y 

As mentioned in the introduction, one advantage of analysing the 
coefficients was that this allowed forecasting with no reference to 
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employment or labour productivity. There is another reason which 
renders the calculations using X/L as an explanatory variable in the 
double-logarithmic equations unnecessary:: the parameters of the 
Lk/X = f (X/L) type equations can. indeed, be directly deduced from 
those of the equations in the form Lk/L = f <X/L), the results of which 
are shown in Chapter X. 

These three variables are, in fact, linked by the tautological re- 
lationship: 

(1) (Lk/L) e (Lk/X) (X/L) 
which may also be written: 

(2) log (Lk/L) = log (Lk/X) + log (X/L) 

The two regression equations in double-logarithmic form are as 
follows:* 

(3) log (100 Lk/L) - log ao + a^ log (X/L) 

(4) log (Lk/X) = log b^ + bj log (X/L) 

If equations (3) et (4) are inserted in identity (2). this gives: 

(5) log + aj log (X/L) = log b^ -f b^ log (X/L) + log (X/L) + log 100 
which may also be written:: 

(6) log ao + a^ log (X/L) = (b^ + 1) log (X/L) + log b^ + 2 

If (6) IS to stay an identity, one must have:, 
log ao = log b^ + 2 
aj = bi + 1 

It therefore serves no purpose to recalculate the equations 
Lk/X = f (X/L) when we have the parameters of the equations Lk/L = 
f (X/L).. In the absence of statistical calculations, then, it may be of 
value to consider a few graphs showing the coefficients and labour pro- 
ductivity; the correlations, which are generally not as good as those 
obtained with the percentages, may, indeed, give some interesting new 
insights.^ 
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The oocupauonal coefficients Lj X are sho\Mi opposite X/L on 
Graph C.6 for the ''adniimstr alive and executive worker?" category. 
We all kr.ow tliat this occupational group is not only very heterogeneous , 
b'^t poses serious probleri-.s of classification. Be this as it may, the 
graph -wSUfies the assumption of constant coefficients for two sub- 
5Ar:;p!e5 m the first and most important, the number of managerial 
workers for one niilhon dollars' worth of output would be roughly ten 
for countries ^hose productivit>' ranges form $ 500 to $ 7,000 per head* 
in the second, whach includes only developing countries, Lj/X would be 
sori^euhere aro*jr.d 20. This constancy of Lj X probably conceals a two- 
way process as X L rises, the falling trend in Lj/X due to the rapid 
decline ir. the n'uribers of working proprietors in industry is offset by 
the ei.:..ill> rapid increase m the numbers of independent ser\'ice workers 

Graph C. ' refers to scientific and technical workers with university 
decrees .\s noted :n the previous section, there is no strict link be- 
tvkven L^k X and the ecoaoniic variables. It should here be noted, how- 
ever th-at the f wziev of Lik X. whach is very pronounced at low levels 
of prcsiucuMr^ tends to diminish more and more, especially from 
the and over productivity level. Does this mean that the utili- 

sation partem of qualified scientific workers, which is often limited in 
';h-e r.on-:ndu5trialized cc^ntries,^ is increasing as development proceeds, 
.md that direct econon-.etric links vMth X L, may appear as a result ? 
It would ^e r.^h to answer m the affirmative, failing an exhaustive study 
of the 'iitilisati 3n pattern of such manpower. At the same iim.e, in the 
developing counu*:es. it seems clear that an over-large proportion of 
scientist? are en*.ployed in services.' 

Graph C. .5 shov^-inc clerical workers \Mth more than eight years' 
schcoUnx:. clearh reveals two alignments.. The first has a negative 
e*^.^-^t:c-"^ :n relation to X L If the second*** is to be believed, Ljk/X 
declines st.:ll faster every time X L moves up (elasticity close to -1); 
m other \sords, the efficienc>' of this manpower group is rapidly im- 
prosing To v^ruch of these two sub-samples a giver country belongs 
should De decided on the basis of a thorough knowledge of the country's 
present and recent employment structure.^ 

The .inah sis of these graphs could easily be taken further, but it 
wo^ld soon lose its value. The idenufication of sub-samples represents 

* --e :rsj;^i5 s^^-^le ircl..ces the uidustriahzed countries, except 

f-j^ce >-ece-.. "«.t re^ rwc c«:-rtne.s. Ljk .\* lies betveer ax and seven. Here we 
it^v.- r i * . . c.^ " f - r A c 5 .r 5 pt .-^^ ~ 5 c f. clAssi! a:i on , 

** . N \ .ir.e^ tr.— ' ^ to :>r :>t of X L between $ 500 and Si, 000: 

*** .s^.cr c.-^.c re co-'j-'-ec b\ fu:ner observaTiops. The sample coveis only largely 
.."•jcr-we. eU"?<c cj'„~rief. 
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NUMBER OF <ADI«NISTRATIVE. EXECUTIVE AKO MANAGERIAL fORKERS» PER UNIT OF OUTPUT (Lj X). 
AND OUTPUT PER fORKER (X L) 
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Graph C^8 

NUMBER OF tCLERlCAL WORKERS* «ITH «MORE THAN EIGHT YEARS OF SCHQOLINGi PER UNIT OF OUTPUT (L)k X). 
AND OUTPUT PER KORKER (X'L) 
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only one phase ^h:or..^ hcvb^%er *cr:z*x:".e i: r.:a> t^e teaches us little 
about the causes and factors res?ous::".e tor ±e vers d:iferer.t \alues 
assumed by the coefficients m iirerert cou'-^nes. 

More generally, vii-e have no: s^ccee-iei tius sectior. ir brin^^g 
out the la*"S governing variations m the occ-patiora.". and or educational 
coefficients.. True these terd to dirrj^sh :r at tr-ost ren^am constant) 
as development proceeds, whatever th-e indicators c^ed, The indicators 
are however far frorc- satisfactory . and do not clear 1> acccon: for the 
trend of the coefficients. 

There seem ;o be >DSSihIe explanations for such poor results. 
The first relates to suhsuru'ions at a^l- 5ta.^es bervkwr different occupa- 
tional categories and different. ;evels of ecr^oauon. this process may 
have become so generalized ;ha; an*, international comparison is im- 
possible.- each country having its ov«.t: >co-.pational and or educational 
structures which depend oc certajir. factors pec^iliar to it organisation 
to work.^ occupational descrip'icns . "%ooai:onal! valine"' attached to the 
educational systerr. . etc^ 

We acq-oired the con%icticz tha; s-bstirut.on ir. al! its fornr.s was 
not a valid explanation m t'nis case, as regards occupational groups, 
these are sufficien:l> large to eliminate the factor, * .\s regards le\*els 
of education, we ha%e repeated*.} noted that a country '^under-educated" 
at one level is under -ed'-cated a; other le-. els the ass-umption that one 
universit;.* graduate can *:>e ' rep*.ace-d' h> two or three people who ha\e 
completed their seoondajr. ed"-cation is. m fact., never confimied.. 

The second and. we ;hink, rr.ore pla'isihle explanation resides in 
the problem.s of utilization of q-^alified manpowr Apart from, his oc- 
cupational group and le-.e*.^ c^* mstr-ction. a \i.crker is defined m.ore 
particular Iv bv the function he perform.s -research, distribution, pro 
duction.^ etc the branch of ;he ec-'^non*.> m ^rJch he works**, not to 
menuon m.ore elusive organ- sational factors 



3. .JlSAL\'SL5 of TrlZ 5ZCTOR.\L EDUCATIONAL 
COIFFICIIN*:^ 

The approach which consists c; ad;'usting the educational level of 
econom.ic sectors, representee r. percentages Li.k. Li' or Lik Li. with 

* :: '.$ L-^.r^.r^el. z'.t^ re j^i^r: rs ;i scof.^£ ire -xt 'tsi.:'.t ire $;-rstit. - 
UCC3. Ae ja^ r-.j 's.-: ^zisi r* sl*:-^ i ;i:sc.T' ii x :ev ^r£.;:.\e 

results v»ere ccujie^. 

** T!i< 'i z : ± i: : e-. 2 1: : j: t : r . r . tr j tj v .t • v ^roc. : n\ m 
sector) scrv.cei , ic: rrc*:-:::-* 7:i^c:ti s.t . -i. txr^LS i pe^: cesl. 
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technological indicators, is certainly the easiest one to apply at the 
various stages of what has come to be called "the manpower forecasting 
approach for quantifying the economic aims of education". 



Let us briefly recall the successive phases of tMs method. Its 
aim is*. 

1) to determine the trend of GDP by sectors during the next ten 
or fifteen years; 

2) to work out the general trends of sectoral labour productivity;' 

3) to deduce employment by sectors by comparing 1) and 2);' 

4) to break down this sectoral employment by major occupational 
categories for the base year and the end year and, after subtracting 
survivors, to deduce the numbers of new entrants by categories; 

5) lastly, to apply to each category a given educational profile and. 
by aggregation, to calculate the total educational needs during the 
forecast period. 

There has never been any lack of support for a procedure which 
would be both simpler ar'd quicker. Baldly stated, this requires either 
the elimination of stage 4, i. e. , the breakdown by occupational categories, 
or the still more radical elimination of stages 2, 3 and 4, by proceeding 
direct from the product (total or sectoral) (stage 1) to requirements by 
educational levels (stage 5). 

We dealt with the first type of such a "short cut" at length in the 
First Volume; it is the second which interests us here,. 

The simplest method of "bypassing" both employment by sectors 
(and thus sectoral productivity) and the breakdown by occupational cate- 
gories is to relate the numbers with a given level of education in a given 
sector directly to sector output, i.e. , Lik/Xi (Xi in millions of US 
dollars, I960).. We shall call this type of ratio the "sectoral educa- 
tional coefficient".. 

The advantage in analysing these coefficients as done here is two- 
fold. 

From the static aspect, an international comparison of the inputs 
of qualified manpower per unit of sectoral output may bring out certain 
similarities or differences between countries whose analyses may prove 
of value.. Insofar as these coefficients reflect utilization patterns of 
skilled manpower in a given sector, their relative values will of course 
be highly important. 
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The comparison of two series of coefficients t^r different educa- 
tional categories should also make it possible to determine whether any 
substitution effects exist between levels of education. 

From the dynamic standpoint, a knowledge of the laws governing 
the changing (or constant) trend of the coefficients is clearly of primary 
importance for forecasting purposes. 

We will first, briefly consider the existing links between sectoral 
educational coefficients (Lik/Xi) and general educational coefficients 
(Lk/X). The different Lik/Xi's will then be related to some economic 
indicators. Lastly, a rapid graphic analysis of the coefficients with 
sectoral productivity will be made. 



i) Sectoral Educational Coefficients and 
Overall Educationp.l Coefficients 

We have already briefly referred to the trend of the different edu- 
cational coefficients Lk/X. The number of qualified workers per unit 
of tr':al output is, however, but the weighted resultant of the number of 
qualified workers per sector and per unit of sectoral output.. If, then, 
Lk/X is regarded as a measurement of the utilization pattern of qualified 
manpower in the economy as a whole, very different trends may be en- 
countered in separate sectors; and some may be more responsible than 
others for the values assumed by Lk/X in the economy as a whole. 

It is thus not without interest to study the trend for the different 
Lik/Xi's as a function of Lk/X, We shall test, for each sector , a 
series of equaUoPS in the form:: 

log (Lik/Xi) = log a + b log (Lk/X) 

sho'Aing how the utilization of qualified manpower at the sector level 
reacts w>^en it changes in thp economy as a whole. 

The results of these equations are shown in Table C.3. The usually 
excellent correlations give no cause for surprise:; since LiR/Xi is con- 
tained in Lk/X, they are partly artificial. 

The regression coefficients are more interesting, expeclally if a 
"vertical" comparison is made between them at each level of education; 
it will thus be seen that they are always lowest for the manufacturing 
sector* and highest for transport**, those for commerce taking an in- 
termediate value. 

* Ranging from 0.65 to 0,90, according to the level of education coniidercd. 
Ranging from 1«00 to 1. 50, according to the level of education considered* 
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In other words, when the utilization of qualified manpower worsens 
(Lk/X rises), it worsens less rapidly in the productive sectors than in 
the others. 



ii) Sectoral Educational coefficients and Economic Variables 

The object here is to describe a few econometric relationships 
liiiking the educational coefficients for the manufacturing sector with 
some economic indicators. 

Reverting to the line of thought already expounded in Part Three, 
we thought at first that the value p.ssumed by Lik/Xi depended on the 
level of development, there being every liklihood that qualified man- 
power would be better used (Lik/Xi low) in the industrialized countries 
than in others. 

It is also certain that the value of Lik/Xi depends on the absolute 
size of the sectoral output Xi: the higher the latter the greater the 
likelihood of economies of scale, leading to low educational coefficients. 
Lastly, it was considered that the level of technology as indicated by 
the proportion of exported manufactured goods in sectoral output, Ei/Xi, 
might have some influence on the value of those coefficients.. 

At "university degree level or above", the preceding considerations 
led to the following results (with 18 observations) 

(1) log (Lik/Xi) = 1.44 - 0.24 log PC/P) R=0.33 

(0.17) 

(2) log (Lik/Xi) = 1.40 + 0. 28 log Xi - 0. 55 log pc/P) R=0.68 

(0.09) (0,17) 

(3) log (Lik/Xi) = 1.40+0.32 logXi-0.55 log PC/P}-0.12 log (Ei/Xi) R=0.73 

(0.09) (0.17) (0.08) 

There is, therefore, no significant statistical link between the edu- 
cational coefficients and per capita income; correlation, on the other 
hand, is considerably improved by the introduction of Xi:; X/P andXi 
between them account for nearly 50% of the variance for Lik/Xi.. As for 
the variable Ei/Xi, it does little to improve the correlation, while its 
elasticity is not significant. 

It would be rather difficult to confirm these results tor any other 
level of education in this sector. Thus, taking the numbers with "more 
than eight years* schooling", we obtained (with 10 observations):. 
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log (Lik/Xi) = 2.48 - 0. 16 log (X/P) 
(0.15) 



R = 0.35 



log (Lik/Xi) = 2.46 + O.GD log Xi - 0.25 log (X/P) 
(0.08) (0.17) 



R = 0.49 



It will be seen that the correlations are low and the regression 
coefficients are non -significant.. Even poorer results would be obtained 
for "completed secondary level or above", where there is almost perfect 
indei:*>ndence between Lik/Xi and X/P. Tliese results are rather dis- 
couraging, except at "university degree level". 

Our conclusion must be the same as that arrived at in the preceding 
Section., A fraction of the variance in the sectoral coefficients can cer- 
tainly be explained by macx*o-economic indicators. The latter, are, 
however, too general to account entirely for patterns of utilization; one 
would have to introduce additional explanatory variables, such as work 
functions, age structure of employment, physical environment (size of 
enterprises) or human environment (qualifications of auxiliary manpower). 



As in the preceding Section we shall here neglect the regression 
analyses, as the pei centages (Lik/L and Lik/Li) are linked with the 
coefficients (Lik/Xi) through labour oroductivity pCi/Li), as shown in 
the following tautological relationshiF ■ 

(a) Lik/L = (Lik/Xi) pCi/Li) (Li/L) 

(b) Lik/Li = (Lik/Xi) pCi/Li) 

As a result of the b) tautology, any function Lik/Li = f (Xi/Li) implies 
another function of the form Lik/Xi = f pCi/Li), the parameters of which 
are strictly linked with those of the first function when the double-loga- 
rithmic form is used. 

We can thus put: 

log (100 Lik/Li) = log ao + a^ log pCi/Li) 
log (Lik/Xi) = log bo + bi log (Xi/Li) 



etc. 



iii) Sectoral Educational Coefficients and 
Labour ^oductivity 
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which readily leads to: 






(1) log bo = log - 2 






(2) bi = ai - 1 






We have already given a mathematical demonstration of these 
formulae and shall confine ourselves here to a graphic illustration.. 


It is fairly easy to provide graphic confirmation of formula by 
subdividing our sample into small groups of countries for which the 
elasticities show conspicuous values (determined graphically, not by 
calculation).. 


A few of these conspicuous value appear in the following table; 


Chief values of elasticities for equations in double-logarithmic form 


Lik/Li = f (Xi/Li) 


and 


Lik/Xi = f (Xi/Li) 




Illustrative graphs 




a^ = X 


(C. 9) MA (C.IO) 


= + 0^ 


+ 1 < ai = + 


(C. 13) TB (C.14) 


0 < bj < + oc 


ax = + 1 


(C. 9) MA (C.IO) 


bi = 0 


0 < < + 1 


(C. 9) MA (C.IO) 


- 1 < bi < 0 


ai = 0 


(C. 11) CA (C.12) 


bi = - 1 


- 00 < ai < 0 


(C.ll) CA (C.12) 


- oc < hi < - 1 


ai = - ^ 


(C, 9) MA (C.IO) 


bi = - oo 


Grai IS C.9 and C. 10, with i representing manufacturing^ and k 
university degree level, allow certain conspicuous values for a^ and b^ 
to be checked graphically. 


- Thus, the group of four countries* whose productivity lies in 
the 800 to 1,100 dollar range per person employed has an elas- 
ticity of + oc in both graphs; 


* Japan, the Philippines, Egypt, Syria, 
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- the group of six countries for which the elasticity is roughly 
equal to 1 in Graph C.9* clearly has an elasticity close to zero 
in Graph C. 10 for a value of Lik/Xi of between 5. 5 and 7; 

- lastly, the group of six countries for which the elasticity lies 
between 0 and 1 in Graph C. 9** appears to have a negative elas- 
ticity of more than - 1 in Graph C. 10. 

Similarly it can be seen from Graphs C. 11 and C. 12, where i 
represents commerce and k university degree level, that:, 

- the group of five countries with zero elasticity according to 
Graph C. 11*** - 1.2% < Lik/Li < 1 . 6% - are found to have 
an elasticity roughly equal to -1 in Graph C. 12; 

- six countries whose elasticity is shown in Graph C. 11 as largely 
negative**** are found to have an elasticity distinctly lower than 
-1 in Graph C. 12. 

Lastly, Graphs C. 13 and C,14 show that when the elasticity of Lik/ 
Li in relation to Xi/Li lies between + 1 and + x for any group of coun- 
tries*****, the elasticity of Lik/Xi for those same countries is clearly 
p. ^itive. 

It thus seems clearly established, mathematically and graphically, 
that the parameters of equations (1) and (2) are strictly interconnected; 
it is therefore needless to test these two types of equations in the hope 
of obtaining different results.: 

This being granted, the next purpose of graphic analysis is to 
ascertain whether substitution phenomena are responsible for the poor 
correlations between the coefficients and economic indicators. 

If, then, a comparison is made between Graphs C. 10 and C. 15 on 
which Lik/Xi is shown, i representing the manufacturing sector and k 
"university level" and "completed secondary level or above" in turn, 
the following points may be noted:: 

- Lik/Xi is higher for Japan than for other countries at both 
levels of education. 

- Taking the United States as a standard of reference, Lik/Xi is 
high for the Philippines at university level, and identical at 

* Israel, Hungary,, Poland, Yugoslavia, Argentina, Uruguay, 
Norway, Belgium,; Panama, Argentina, Yugoslavia, Uruguay. 
*** Sweden, Uruguay,; Argentina, Yugoshvia, Egypt, 
♦ japan, the Philippines, Argentina, Yugoslavia, Uruguay^ the NetherlAnds. 
***** United States, Israel, Belgium, Uruguay,^ Eg/pt. 
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SIMUrACTUKIMG PtW^NCL ItTH .UmvERSlTY DCCWt. AS A PWPORHOH Of StCTOHAL tMPLOYHEUT (L.k. LO. 
AND SECTOR OUTPUT PER WORKER (Xi Li> 
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^rJMC^a f '«A\'£«T% :£J?£Ei KS * PROPDRTiOH OF SECTORAL EMPLOYIIENT iLik L.\ 
4 « . 
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COMMERCE PERSONNEL ilTH A lUNIVERSITY DEGREE* PER UMIT DF SECTOR OUTPtiT (Lik/ Xi). 
AUD SECTOR OUTPUT P€R WORKER (XrLO 
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coTTipleted seconder) le%e". Ir N-.ev. of ':he f^o: that our levels 
of ed^ioauon ire c-rr.^*.2t:% e 'this ^iz:s :o a large stock of uiu- 
versir>*-rr allied r::.in>:v.er corr.bi^ed %^"ith far froir. adequate 
nuir.bers a: secor;<dary level. 

Similar obser^-atio^s co-ld r;.aie :rr Eg}?:. 

- On the other hajic th-e relative positions of the other countries, 
which are roughly the sa-T.e m both graphs, cannot be regarded 
as explained suhs^ rations of nt an power with different levels 
of education 

A brief glance a: Graphs C 12 .cd C 16 shows that the above obser- 
vations also hold true tor the oor-rr.ercial sector It rnay be added that 
the most fre<juen:ly ob«er\-ed val-es tor Lik X: lie betv^'een T and 10 at 
universit>- leve'^- and c^tw^n 4-. ani 6.- at" ''"cor/ p. eted secondary level 
or above"' 

Barring ;hen a :e* rare e,\cept:ons graphic analysis cannot explain 
by substi:*r.ion effects the rrediocre correlatiions noted bersseen the sec- 
toral educational: cc^tfio tents and the econon:.ic indicators. In other 
words,> few indeed are tr.e oo-ntries ov er ed-c at ed" at iiniversm- level 
v^-hich are "under ed-uc at ed" at secondary ievel. and \zce versa. 

On the other hand, the Li*^ X: or Li.k. Li- graphs have m many cases 
drawn attention to cc'^tries or gro-ps of oc^.tries which are "overedu- 
cated" or ' undered-^cated" at an\ level^ of ec-cation,^ Barring such ex- 
ceptions as the Philippines and Eg:»pt, there seer^-.s to 'oe a proper balance 
between the differ en; educ an o n al 1 ev e 1 s . The se c one lus i on s do no m or e 
tkin confirrr, :hose arrived a; for the genera, educational coefficients 
Lk X. 

Before conol:.±ng. sorr.e ref-frenoe to 'the tau-ological relationships 
(a^^ so far neglected. xa> :^e help-;- The addition "/ a third term 
{Li L) on the r.ght-r.and side rJ.es .o«' an> graphic demonstration. 

M athe::: at i c al 1 . on 'the r a s . s o: 'the f o 11 o v-ing ; hr e e ecu a ti o ns 

log Lik Xi = 1:^ - o- I.n. Xi Li 

;og ICO Li L = ;^g c^. - 0^ 1:^ X:, Li 

log 10" Li*N 1 = IwX - a.^^ log Xi li 
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MANUFACTURING PERSOWIEL WITH iCOHPLETED SECONDARY SCHOOLING AND ABOVE » PER UNIT OF SECTOR OUTPUT (Lik Xi) 

AND SECTOR OUTPUT PER tORKER (Xt/LO 
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G/aph C-16 

COmCRCE PtRSOHNEL IITH iCOMPLETED SECONDARY SCHOOLING AND ABOVEt PER UNIT Of SECTOR OUTPUT (L.k Xi). 
AHO SECTOR OUTPUT PER fORKER (Xi Li) 
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we arrive at the following relationships ? 



(3) log = log do - log Co 

(4) bi = - - 1 

By combining formulae (1) and (3), on the one hand, and (2) and (4) 
on the other, we obtain values for the parameters of the Lik/L equation 
most frequently used in this part of the study: 

(5) log do = log ao + log Co - 2 

(6) di = a^ + ci 

Formulae (5) and (6) can easily be checked by Tables IV-1 and IV -2 
which will be found in the First Volume, and by testing a few equations 
with Li/L as a dependent variable. 
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Annex D 



FITTING PRODUCTION FUNCTIONS 



1. INTRODUCTION 



In the first volume attempts were made to fit a number of "demand 
functions" in which the economic indicators were regarded as explan- 
atory variables. As was made clear in the First Part of this study, 
this type of function cannot easily be derived from the economic theory 
of production, and economists are often reduced to making rather 
unorthodox juxtapositions between the production and demand functions, 
with the usual warnings concerning inter -relationships*. 

Unfortunately, we are not immune to this rule, and the present 
Annex will, therefore, be devoted to fitting a few production fimctions 
of the Cobb-Douglas type, a) first at the level of the economy as a 
whole and b) for the Manufacturing sector alone. 

The originality of these functions resides, of course, in the break- 
do'vn of the labour input into different educational levels. 

2. PRODUCTION FUNCTIONS FOR THE WHOLE ECONOMY 

Some production functions tested in double-logarithmic form will 
be shown below; they are Cobb-Douglas functions in their most elemen- 
tary form, of the type:. X = B. . C^. 

The dependent variable will be the gross domestic product, mea- 
sured in US dollars. The capital factor will be roughly represented 



See the introductory paragraph to Chapter Vm. 
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by the sum of gross fixed capital formation cumulated over the eight 
years preceding the census year. The labour input was broken down 
into two factors:: Lk^ represents the numbers in the labour- force hold- 
ing a University degree; L-Lk^ represents all the rest of the labour- 
force. 

By introducing the variables into the equation one after th« other, 
the following results were obtained (with 22 observations):* 

(1) log X = - 5. 11 ^ 0. 92 log Z I R = 0.98 

(0. 04) 

(2) Log X - - 4. 05 ^ 0. 69 log Z I 4 0. 22 lo^ Lk R = 0. 99 

(0. 07) (0. 12) 

(3) Log X - 4.47 - 0. 68 log Z I + 0. 16 log Lk^ + 

(0. 07) (0. 09) 

0. 13 log (L-Lk ) R = 0. 99 

(0.11) ^ 



To judge by the numerical value ot the correlation coefficients, the 
fits are clearly excellent. The fact that the simple correlation between 
2 I and X is already 0. 98 foreshadows a high coUinearity between 
explanatory variables. As always in such cases, precision of the re- 
gression coefficients falls off sharply as new variables are introduced, 
to the point where they are non longer usable. The (slight) improvement 
in correlation by no means makes up for this drawback.. 

To remedy it, equation (3) was retested by eliminating the "capital" 
factor, so as to isolate the influence of the two labour variables. The 
result obtained was as follows: 

(4) Log (X) - - 0. 69 + 0. 66 log Lk ^ 0. 18 log (L-Lk ) R = 0. 92 
(0.14) (0.21) 



If these figures can be relied on,^ the "explained" amount of variance 
in X is here 86%, as against 967c with 2 I alone 

The dilemma can be partly solved by taking as the explanatory 
variable "capital" per person employed:- 2 l/L; this gives:- 

(5) Log X = - 4.47 4 0. 68 log ( 2 1/ L)^ 0. 17 log Lk 4 
(0.. 07) (0.09) 

0. 80 log (L-Lk ) R - 0,99 

(0.J2) 
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The simple correlation between X and 2 I/L being lower (R ^ 0. 60) 
than that between X and Ll (R - 0. 98), the labour variables may then 
improve the relationship appreciably. If equations (3) and (5) are 
compared, only the regression coefficient of (L-Lk^) rises to the point 
where it becomes significant. The explanation is quite simple; inasmuch 
as I k;^ is relatively low, (L Lk^) is close to L, and it is as if we 
substituted in (3) and (5):< 

logX = f (2 I, L) and log X = f (2 I/L, L). 

We did not think it necessary to test other production functions by 
disaggregating the labour factor a little more, although it would be 
perfectly possible to isolate the numbers in the labour force with second* 
ary level education (Lkg), or with merely "more than eight years' 
schooling" (Lk^).. All these variables thu3 are closely correlated with 
X and, hence, with each other:* 



R 


I 




L-Lk, 
A 






L 


LI/L 


X 


0. 98 


0,92 


0.87 


0. 95 


0 96 


0,85 


0. 60 


The number of obiervanons vanes between 25 and IT, 



One may say that the "scrie effects" are largely responsible for 
the high collinearity observed between all these variables^ Some 
equations were therefore computed using total employment (L) as a 
deflator for all variables.. The following results were obtained: 

log PC/L) = 0.98 + 0.68 log (2I/L) + 0.J3 log (Lk /L) R = 0, 95 
(0.07) (0.07) 

or with the educational level C (more than eight years of schooling) 

log PC/L) = 0.89 + 0. 63 log (X I/L) + 0.23 log (Lk /L) R = 0,95 
(0.11) (0.15) 

As can be observed, the precision of the regression coefficient 
on Lk^ is still very low in spite of the deflator. We shall see now 
whether the fitting of a production function on a sectoral level is some- 
what less disappointing. 
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3. PRODUCTION FirNCTIOWS FOR THE 
MANUFACTURING SECTOR 



The dependent variable will be the output of the Manufacturing 
sector (Xi). As data are lacking cn the stock of capital in this sector, 
this concept will be replaced by " per capita consumption of enevgy" (G), 
which in most countries is fairly representative of installed capacity. 

The labour factor will be divided into two sub-variables; numbers 
in the sector with a university degree (Lik^) and :he remaining labour 
force (L - Lik^). 

Th?s gives the following results, in double-logarithmic form, with 
18 observations:- 



log Xi - - 2. 92 + 0. 25 log Lik + 0. 60 
(0.08) (0,10) 

0. 52 log G 
(0. 05) 



log (L 



Lik^). 



R =0. 99 



As always in a function of this type, the fit is excellent but rather 
misleading; thus, the simple correlation coefficient between Lik and Xi 
is already 0. 95, and the other two variables, therefore, do little to 
improve the fit*. 

Only the simple correlation between Xi and G (R = 0. 64) is appie- 
ciably improved by introducing one of the labour variables. 

Bearing this in mind, the elasticities obtained are far i i precise 
than those found with the same production function for the ec^ ' my as 
a whole.. 



Similar results may be obtained if the two labour variables are 
changed; thus, Lik^ will here represent numbers in the sector with 
"more than eight years' schooling", and Lik^ those with "eight years' 
schooling or less". Wi^h 11 observations we then obtain* 

log Xi = - 3. 48 + 0. 42 log Lik + 0. 52 log Lik^ + 
(0.14) (0.15) 

0. 52 log G R = 0. 99 

(0..12) 



* j(L-Uk) 1$ also very closely correlated with Xi : R = 0.92. 
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In considering the correlation coefficient for the above equation, 
it must not be forgotten that the simple correlation between Xi atxi Lik^ 
is 0. 98 . . . 

To eliminate "scale effects*\ a few equations were computed using 
total employment in the Manufacturing sector (Li) as a deflator. The 
following results were obtained: 

log pCi/Li) 1. 75 + 0. 50 log G + 0. 10 log (Lik /Li) R - 0, 92 

(0.07) (0. 11) 

and with Likg as the number of people working in the Manufacturing 
sector with "Complete secondary schooling and above" :^ 

log pCi/Li) - 1. 92 + 0.43 log G + 0. 09 log (Lik^/Li) R = 0.85 

(0. 12) (0. 14) 

and with Lik^ as the number of people working in the Manufacturing 
sector with "More than eight years of schooling": 

log pCi/Li) = 1 . 54 + 0. 47 log G + 0. 28 log (Lik /Li) R - 0. 95 
(0. 12) (0. 20) 

These few examples seem to confirm the conclusions already for- 
mulated when fitting a production function for the economy as a whole 
with regards to the lack of precision of the regression coefficients on 
the labour factor. Without lapsing into complete scepticism, it must 
be concluded that disaggregation of the labour factor or, better still, 
its weighting for educational levels merely increases and adds to the 
collinearity phenomena. As a matter of fact, as long as one is not able 
to isolate labour inputs independent from each other and from the 
capital factor, to calculate the respective influences of any given factor 
on output seems to be more hazardous than useful.. On the other hand, 
at the aggregate level, the problem of heterogeneity of output may be 
the source of many deeillusions , and it would be useful to compute these 
equations again at the more disaggregate level of the economic branch. 
This kind of exercice is still impossible on an international base because 
of the lack of available data. 
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Annex E 



A NOTE ON INFORMATION THEORY 



1, The theory of information* concerns the degree of pi obability with 
which a given event may be expected to occur. Let us for example, 
consider the two following statements 

- the sun will rise tomorrow; 

- the number of the winning ticket at the next draw of the National 
Lottery will be 626,357, 

Uncertainty is practically nil as regards the first prediction but 
ver>' high as regards the second. It may also be said that the first 
prediction tells us practically nothing** the information it transmits is 
almost nil. On the other hand, the second prediction affords us a 
considerable amount of information. 

It may therefore be conceived that the probability of the occurrence 
(p) of a given event may be related to a value H (p) which expresses the 
degree of uncertainty of the prediction or the quantity of information 
it transmits. What must the characteristics of H (p) be? 

Let us first assume that p ^ 1*. the event is certain, the uncertainty 
is nil and H (p) ^ 0. If the probability decreases the uncertainty and 
the information increase and in the most extreme case it is reasonable 
to consider that H (p) ^ oc where p ^ 0. 

Let us consider two inde t >€ndent events and E*, with the respec- 
tive probability of pj and P2.. Event (E^ and E2) has a'probability of 

* The word informanon 1$ used here in a technical sense which is more precise than 
Its c\cryda\ meaning. The information thus defined is linked to an a priori ptobabilit)* 
independent of v,hether or not the event actuall) occurs. Ln this context information and 
unceruint y are two modes of interchangeable interpretation of the theory. 
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p.,. The combinL\1 unceitainties give us: 
H iP^ p,t - H ^p^^ - H ip.^) 

The preceding considerAiion« miike it logical to choose a logarithmic 
function 

H ^ ^'^^'^ ^ - P 

The minus sign is merely chosen to enable H (p) to be always posi- 
tive Normally logarithms on any base are suitable; quite often base 2 
logarithms are chosen (and they \^ ill be used hereinafter) as they make 
It possible to define a unit for the measurement of the quantity of 
information which is known as the bit {- binan- digit): 1 bit is the 
quar.tit\ of information transmitteu by an event with the probability of 
1 2 ithis gives us - log.^ 0. 5 -- l\. 

Let us nov, consider a set of n events 'E2 '. . ^Ej^ with respec- 
tive probabilities of p^ po ... p^. It is assumed that the events are 
1 "^dependent and th.it one of them and only one of them must happen so 
that ?i ' - . . . . - Pr; - 1. The event Ej (Kn^n) transmits a quantity 
of -.riormation - log pj As the event which is due to occur is not 
known a prion it may reasonablv be agreed that information H of the 
series of is a weighted average of - log p^.. that is to say -i^ 

n 

H - -?^^ log p^ - p^ logp^ - - p^ log p^ -L Pi logpi. 

Tills qu.mtitv is the ent_rpp_\' (or average uncertaintv or average 
mfcrmatiorJ. H is maximum when Pi - p^ = . . . . - p^ - 1 ^n and, in this 
case H max ^ log n. The maximum uncertaintv does in fact exist when 
.ill the events are equiprobable and this maximum also depends on the 
number of the events there is less uncertaintv in the spin of a coin 
for example ir. - 2: p ^ l 2. H - 1 bitt than in a throw of the dice (n -- 6; 
? 1 6 H - log ^ 2 555 bits) 

With .1 given distribution of n possible events we therefore always 
have log n The upper Im it of H is therefore not fixed, which 

cre.^tes certain difficulties when comparing breakdowns which do not 
ir.clLce the same number of classes 



2 1: IS propostxi to use the preceding data first to make a brief study 
of the comp.u'ative \alve of the various possible groupings of tduca- 
tional le\els. 
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The following table gives the breakdown by educational levels of the 
Canadian active population at the t ime of the 1961 census. The average 



Total v.... 



of p log p is available-' see below. 


CUSSES 






! 

! p lok: p 
1 ' '^i 


: 




0. 


062 


0.2487 


2., Primarv:^ 5 and over 


0. 


343 


0. 5294 


3. SecondarV: 1 or 2 vears 


0. 


225 


0.4P42 


4. Secondary: 3 vears 


0. 


099 


0.3303 


5, Secondary: 4 or 5 years ... . 


0. 


183 


0. 4483 


6, Universitv: several vears .... . 


0. 


045 


0.2013 


7. University: degree . ... ... 


0. 


043 


0. 1951 



1,000 



2.4373 



It will be noted that,, in this breakdovvi the maximum pc jsible 
eiuioj^y IS equal to log 7 = 2. 807. The breakdown may be characterized 
by the coefficient of relati/e entrop y R ^ H/H max = 2. 437 '^2. 807 - 
87^ (or by its complement to 1:< C = 1 - R designated by redundancy) . 

Let us now suppose that the 7 classes are combined in 4 groups 
only, for example. This may be done in several ways. One possibility 
is the usual group of A,, B,: C, D*. T>-3 two others have been selected 
more or less arbitrarily, as an example. 

The entropy for each breakdown is 



First case:; 1., 177 
Second case: 1. 536 
Third case:, l.^ 736 



A IS "Lniversity Degree",^ tl.at is (~) in the preceding exiriiple; 

B IS "some years of L'r.ivexsitv * or (6); 

C IS "'complete secondary schooling, or i 5).. 

D IS "Less than Cf^ir.plete secondarv schooling", or i'+--fJ-4t, 
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^ \ J 








p 


THIRD 
C'ROl PING 


p 




' i » o 1 1 


V. 




{ 1 > 


V Uu^ 


(1 anu c.) 


A 4 AC 






0 


l>3 


(2 and 3) 


0 56S 


(3 and 4) 


0, 324 


B 




0 


045 


(4 and 5^ 


0. 2S2 


j(5 and 6) 


0, 228 


A 




0. 


043 


(6 and 7) 


0. OS? 




0. 043 






1 


000 




1.000 




1. 000 



-I: v»ill ,be noted :hat m all cases the average information is slighter 
;nat for :be original breakdown. It is in fact shoNv-n that more 
,.ii:jrrecate bre.\kdouns generally diminish eniropy (intuitively this is 
:^r;I> ob\;ojs. In the most favourable case, combination makes it 
e^w.il to uhat It uas previously. There is consequently always a loss 
o: .n: or mat lon .ilihough this greatly differs from one case to another. 

However,, an imponant detail must be added. The theor>' of infor- 
r.Ution :s niainl> concerned with variables wnich have not been placed 
:n .-^cendmc or descending order. If it is used for an ordered 
\ ar.able,,, as is ite case here, the group which is optimum from the 
st.indjx*.nt of the theor> may be absurd as far as the continuum of the 
\ ar.able is concerned for example the grouping 2; 3;, 5 and 6; 1, 4 and 
~ nas an average entropy of 1. 96S which is higher than the 3 previous 
crcut?s 



Here :s ou a brief comparative analysis of the occupational struc- 
ture o: a nun;ocr of countries. Only the ISCO major groups 0 to 9 
ha\e beer^ retained. In Table E. 1,^ the GNT (in dollars) for the year 

' -.s shouTi fSee tne Tableaux de I'Economie Frangaise , INSEE, 1963, 
p. * For all co^wd.tries f^e maximum entropy of the breakdown is 
eci^l t.^ lov: 9 - 3. 170, The relative entropy is therefore 90^ for Canada 
.mc f4T for Greece., 

A f.rsr vight the table suggests the following comments: 

.\> 0\v mg: to the way entropies are computed there was a possible 
d-injier that countries with very different structures might have 
similar entr-jpies. In acti.al fact, this is not generally the case 
althoujrh the sample is mvci too limited for definite conclusions 
;c be drawx' 
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I' Nir.r':rt"c: r,T ^ f.rr: : s:.'*-r.;r.e5 iht-- percentage of 7 S 
~j;ea5t- rec-.ar.. . . ?rar.:e ar.d Great Britain present 

an .in.T-'.a.: tr.e t.rr: r«t-:i-5r >■": tre n:cn percentage of the group 
^ 'A j^ ::^-t:-.cS ;ne rracf.callv identical entropy does 

"V ad'ec^t';:'.: ref.e:t 't ' e.- ^tr-r-r-ral differences! The last three 
c flT.": r . e 5 ::T:r.\i •'< ': / : f '.r.. e r 5 a' ' h a-r e a icc e r gr ou p 4 than 
iVC-r^ ' ^ r'-t .*.*rtra:- tc 'trf f.rs: ::%e countries', the percentage 



:. " -s X'ra:' :ie en:r/i:'> here prcbablv reflects 
? s f\i:ressrd a crapr. tne x-axis 
a -ax. J ':re JN? 'tne result' is a scatter 
tc.. i:ara:\?..j ::.r a i:air.r//:.n: rou^hlv re- 





.m • \ 1 i .. 1 1 s: • ^ r -X : ; ^.-a: e aj r aviarlt tic; represented 
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in T (xy)., H (xv) roprosents the total information existing in the 
system* ; this is visibly 

T (xy) = H (X) 4 H (y) - H (x\0. 

As the variables x and y are still distributed by classes we have 
Table E. 2. 



TABLE E.2 



1 2 ... 1 X 



1 


^11 


P21 




Pil 




Pxl 


P 


1 


2 


Pl2 


P22 




Pi2 




Px2 


P 


2 




















j 














P 


j 




















y 


Ply 


P2y 











P 


y 



* T>e theory of information was initially developed b) telecommunication special^ 
ists. The term message can therefore be used. H (x); i: emitted by source x thirough a 
communication channel. It is picked up by a receiver If transmission is perfect 
H (X) = H Xy} - T (xy). If there are 'noise",; part of the emitted information Hy (x) is 
lost ( equ i vocation ). Moreover,, in the message H (y) picked up, ihe receiver includes its 
own "noise"' interpretation Mx (y)' ( ambigiuty j. T (xy) represents the part of the message 
emitted which is properly received, 

** It IS possible to make an analysis with 3,, 4 ... variables, by i^eneralizing what 
foUows. This point will be left aside. 
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The informatio n tr ansmitted T (xy) is then calculated as follows*:- 



H (X) = - 1" p. log p, 
H (y) = - 1 p. log p. 
H(xy) = - 1" P . logp 

From this T (xy) can be immediately calculated.. All this can again 
be done by simple addition if a table is available. 

For the same reasons as outlined above,: the T (x\') values for 
tables of different dimensions are not directly comparable.. Is is possible 
to use the c oefficient of constraint :- 

D (N-x) = T (x>') / H (x) 

which is the percentage of information transmitted . The theor>' of 
information does not however imply any causal relationship: x and y 
have a symmetrical role. There is consequently a second coefficient;- 

D (x>') = T (xy]i / H (y) 

which is not generally equal to the first for reasons which are intuitively 
clear from the diagram representing the intersecting circles. 

6.. If X IS the educational level and y the occupational category, 

Table E. 3 shows the active population of the USA in 1960**r groap X and 

apprentices have been eliminated. 

The results are as follows: 
H (a^ = l.:740 
H (y) = 2. 783 
H (xy) = 4.243 

* It 1$ possible to work directly on absolute figures instead of frequencies, but one is 
hmited by the dimension of the available tables. 

** xl ; Less than four years' secondary schooling; 
x2 Four years' secondary schoohng; 
x3 I: One to three years* university; 
x4 : Four years* university,; 
x5 I Five )eari* university or more. 

The marginal frequencies are not necessarily equal to the sum of the internal 
frequencies as the figures have been rounded off. 
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TABLE E. 3 





X 

I 




X 


X 

4 


X 

5 


TOTAL 


ri (y) 


0 


9 


18 


23 


28 


30 


109 


0,3485 


1 


21 


21 


13 


9 


4 


67 


0,2612 


2 


38 


70 


23 


5 


2 


138 


0,3943 


3 


47 


30 


14 


6 


2 


98 


0, 3284 


4 


52 


12 


3 


1 




68 


0,2637 


5 


4 


1 






- 


5 


0,0382 


6 


39 


16 


3 


1 




60 


0,2435 


7/8 


230 


79 


15 


3 


1 


327 


0, 5273 


9 


91 


26 

1 


7 


1 


1 


127 


0,3 780 


Total 


532 


274 


101 


54 


39 


1,000 


2,7831 



T (x\^) = 1,740 + 2,^783 - 4,243 - 0,280 
D (yx) = 0,280/1, 740 = 16, 1% 
D (xy) = 0, 280/2, 783 = 10,. 1% 

The value of T (xy) is not very high;' a large part of the information 
IS lost. One possible reason is that, the educational level x is too 
aggregated, 

7,> These few examples seem to show the rUlity of the theory of infor- 
mation with respect to the optimal level of aggregation in cross- 
classifications. 
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TABLE 01 



P(0 


000 


001 


002 


003 


•0O4 


005 


006 


007 


•008 


•009 




•00 


. 

0000 


0099 




0179 


0251 


0318 


— — 
0382 




0442 


0501 


•0557 


•0611 


•01 


0664 


0715 


•0765 


•0814 


•0862 


•0908 


09^4 


•0999 


1043 


'1086 


02 


1128 


1170 


1211 


•1251 


1291 


1330 


1368 


\A06 


•1444 


1481 


•03 


1517 


•1553 


•1589 


•1624 


•1658 


•1692 


•1726 


•1759 


•1792 


•1825 


•04 


•1857 


•1639 


•1920 


•1951 


1982 


•2013 


•2043 


2073 


2102 


2132 




05 


2160 


2189 




•2217 


2246 


•2273 


2301 


2328 


235? 


•7382 


•2409 


•06 


2435 


2461 


2487 


2512 


2538 


2563 


2588 


2612 


•2637 


•2661 


•07 


2685 


2709 


2733 


2756 


2779 


2802 


•2825 


•2848 


•2870 


•2892 


•08 


•2915 


•2937 


•2958 


2980 


3001 


•3022 


3043 


3064 


•3085 


'3106 


•09 


•3126 


•3146 


3166 


3186 


3206 


3226 


•3245 


•32v4 


•3284 


'3303 


•10 


, 

•3321 


•3340 




3359 


•'»377 


3395 




•3414 


•3^:2 


•3450 


•3467 


•3485 


•11 


3502 


3520 


•3537 


3554 


3571 


3588 


3605 


3621 


3638 


•3654 


•12 


•3670 


3686 


•3702 


3718 


•3734 


•3749 


3765 


3780 


•3796 


•3811 


•13 


3826 


3841 


3856 


•3870 


3885 


3900 


3914 


•3928 


•3943 


•3957 


•14 


3971 


3984 


3998 


4012 


4026 


4039 


♦052 


•4066 


•4079 


•4092 


15 


— 

4105 


4118 


4131 


4143 


4156 


4168 


— - — 
•4iSl 


4193 


•4205 


•4218 


'16 


4230 


4242 


•4254 


•4265 


•4277 


•4289 


4300 


4312 


•4323 


4334 


•17 


4345 


4356 


4367 


•4378 


4389 


4400 


4411 


4421 


4432 


4442 


•S8 


4453 


4463 


4473 


4483 


•4493 


4503 


•4513 


4523 


•4533 


•4542 


19 


•4552 


•4561 


•4571 


•4580 


•4589 


•4598 


4608 


4617 


•4626 


•4635 




20 


. 

4643 


•4652 


•4661 


•4669 


— 

•4678 


•4686 


4695 


4703 


•4711 


•4720 


•21 


4728 


•4736 


4744 


•4752 


4760 


•4767 


•4775 


•4783 


4790 


•4798 


22 


4805 


4813 


4820 


4827 


•4834 


•4842 


•4849 


•4856 


•4862 


•4869 


23 


•4876 


•4883 


4890 


4896 


4903 


4909 


4916 


•4922 


4928 


•4935 


•24 


•4941 


4947 


4953 


4959 


•4965 


4?71 


4977 


•4983 


•4988 


•4994 




25 




•5000 


•5005 


5011 


5016 


5021 


5027 


5032 


•5037 


•5042 


•5047 


•26 


5052 


5057 


5062 


•5067 


•5072 


5077 


5081 


•5086 


5091 


•5095 


•27 


5100 


5104 


•5109 


5113 


•5117 


5121 


•5126 


5130 


5134 


5138 


•28 


5142 


5146 


•5149 


•5153 


5157 


5161 


5164 


5168 


5172 


5175 


•29 


•5179 


•5182 


5185 


5189 


•5192 




•5195 


•5198 


5201 


5204 


5207 


•30 


•5210 


5213 




5216 


•5219 


5222 


•5225 


•5227 


•5230 


•5232 


•5235 


•31 


5237 


•5240 


5242 


•5245 


•5247 


5249 


•5251 


•5254 


5256 


•5258 


•32 


5260 


•5262 


5264 


5266 


5268 


•5269 


•6271 


•5273 


•5275 


•5276 


•33 


5278 


•5279 


•5281 


•5282 


•5284 


5285 


5286 


5288 


5289 


5290 


•34 


•^291 


5292 


•5293 


•5294 


5295 


•5296 


5297 


5298 


5299 


•5300 


•35 


•5301 


5301 


5302 


5i02 


5303 


•5304 


5304 


•5305 


•5305 


5305 


•36 


5306 


^306 


5306 


5306 


5307 


5307 


•5307 


5307 


•5307 


•5307 


37 


5307 


•5307 


•5307 


•5306 


5306 




•5306 


•5305 


5305 


5304 


•38 


•5304 


5304 


5303 


5302 


5302 


•5301 


•53o: 


•5300 


5299 


•^m 


•39 


5297 


5297 


•5296 


•5295 


5294 


5293 


•5292 


5291 


5290 


•5288 


•40 


5287 


•5286 


5285 


•5283 


•5282 


•5281 


•5279 


5278 


5276 


•5275 


.<i 


•5273 


5272 


5270 


•5268 


5267 


•5265 


5263 


•5262 


5260 


5258 


42 


5256 


5254 


5252 


5250 


•5248 


•5240 


•5244 


5242 


5240 


•5237 


43 


5235 


•5233 


5231 


5228 


5226 


•5223 


•5221 


5219 


5216 


■5214 


•44 


•5211 


•5208 


5206 


5203 


5200 


•5198 


•5195 


•5192 


•5189 


•5186 


•45 


•5184 


5181 


5178 


•5175 


•5172 


•5169 


•5165 


•5162 


•5159 


•5156 


46 


5153 


5150 


5146 


•5143 


•5140 


•5136 


5133 


5130 


•5126 


•5123 


•47 


•5119 


•5116 


5112 


5108 


5105 


•5101 


•5097 


•5094 


5090 


•5086 


•48 


5082 


5;.78 


•5074 


5071 


•5067 


•5063 


•5059 


•5055 


•5051 


5046 


•49 


5l>42 


•5038 


•5034 


5030 


•5026 


•5021 


•5017 


•5013 


•5008 


•5004 



From Info'mation 1 rans miss ion by Elwyn tdwirds. Chipmin «nd Hill. London. 1964 
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•50 
51 
•52 
•53 
•54 



•55 
•56 
•57 
•58 
•59 



•60 
•61 
■62 
•63 
•64 



•65 
•66 
•67 
•68 
69 

•70 
•71 
•72 
•73 
.74 



•75 
•76 
77 
•78 
•79 

•80 
•81 
•82 
•83 
•8^ 

85 
86 

•87 
88 

•89 



90 
•91 
92 
93 
94 

95 
96 
•97 
98 
99 



000 

•500O 
4954 
4905 
•4854 
•4800 



•4743 
4684 

4622 
•4558 
•4491 

4421 
•4350 
•4275 
•4199 
4120 



4039 
3956 
3871 
3783 
3693 



3602 
3508 
•341? 
33!4 
3214 



3112 
300«> 
2903 
•2795 
•2686 

•2575 
2462 
2347 
•2231 
2112 



1992 
•1871 
•1747 
•1622 
•1496 



•1368 
•1238 
1106 
0973 
0C39 

•0703 
0565 
•0426 
02^5 
0143 



•001 



4995 
•4949 
4900 
4849 
4794 



4737 
4678 
4616 
4551 
4484 

4414 
4342 
•4268 
4191 
4112 



4031 
3948 
3862 
:774 
3684 



3592 
3498 
3402 
3304 
3204 



3102 
2998 
2892 
2785 
2675 

2564 
2451 
2336 
2219 
2101 



1980 
1859 
1735 
1610 
1483 



1355 
1225 
1093 
0960 
0825 

0689 
0551 
0412 
0271 
0129 



002 

•4991 
4944 
4895 
•4843 
4789 



•4732 
4672 
4609 
•4544 
4477 

•4407 
•4335 
•4260 
•4183 
4104 



4023 
•3939 
3853 
3765 
3675 



3583 
3489 
3392 
3294 
'3194 



3092 
•2988 
.1882 
2774 
2664 

2552 
2439 
2324 
•2207 
2089 



•1968 
•1846 
•1723 
1597 
1470 



•1342 
•1211 
-1080 
•0946 
0812 



0675 
0537 
0"",3 
0257 
0114 



003 



•4986 
4940 
4890 
4838 
•4783 



4726 
•4666 
•4603 
4538 
•4470 

•4400 
4328 
•4253 
•4176 
4096 



3081 
297? 
•2871 
•2763 
•2653 



2541 
•2428 

2312 
•2195 
•2077 



•1956 
•1834 
•1710 
•1585 
1457 



•1329 
1)98 
1066 
•0933 
•0798 



•0661 
0523 
-0384 
0243 
•0100 



004 



•4982 
•4935 
•4885 
4833 
•4778 



4006 
•3922 
3836 
3747 
3657 



3564 
3470 
3373 
•3274 
3174 

•3071 
2967 
2860 
•2752 
•2642 



2530 
•2416 
•2301 
2184 
•2065 



1944 
•1822 

1698 
•1572 

1445 

1316 
1185 
1063 
0920 
0784 



0648 
0509 
0370 
•0223 
•0086 



005 



4977 
•4930 
4880 
4827 
4772 

•4714 
4653 
4590 
4524 
•4456 



•4386 
•4313 
4237 
4160 
4080 



3998 
3914 
•3827 
3738 
•3648 



•3555 
•3460 
3363 
3264 
•3163 



•3061 
•2956 
•2849 
-2741 
•2631 



•2519 
2405 

•2289 
•2172 
•2053 



•1932 
1809 
•1685 
•1559 
•1432 



•1303 
1172 
1040 
•0006 
0771 



•0634 
•0496 
-0356 
•0214 
•0071 



•006 



4972 
4925 
4875 
4822 
4766 

•4708 
•4647 
•4584 
4518 
4449 



4379 
•4305 
•4230 
4152 
4072 



3990 
3)05 
30*48 
3729 
3638 



3545 
•3450 
3353 
•3254 
•3153 



•3050 
2945 
•2839 
•2730 
•2620 



•2507 
2393 
•2277 
2160 
2041 



•1920 
•179/ 

1673 
•1547 

1419 



1290 
1159 
•1027 
0893 
0757 



0620 
•0482 
0342 
•0200 
•0057 



•007 



4684 

•4920 
4H10 
•4816 
4761 



•4'y02 

4641 
4577 
4511 
4442 



•4371 
4298 
•4222 
4144 
4064 



•3981 
•3896 
•3809 
•37.0 
•3629 



•3536 
•3441 
3344 
•3244 
•3143 



3040 

•2935 
•2828 
2719 
•2608 



•2496 
•2382 
2266 
2148 
•2029 



•1907 
•1785 
•1660 
•1534 
1406 



•1277 
-1146 
•1013 
0879 
0743 



0606 
-0468 
0327 
•0186 
0043 



008 



•4963 
4915 
4864 
•4811 
4755 



•4696 
•4635 
4571 
4504 
•4435 



•4364 
•4290 
•4214 
•4136 
•4056 



3973 
•3888 
•380! 
3''11 
•3620 



•3527 
•3431 
•3334 
•3234 
•3133 



•3029 
•2924 
•2817 
•2708 
-2597 



•2485 

•2370 
•2254 
•2136 
•2017 



•1895 
•1772 
•1648 
•1521 
•1393 



•1264 
1133 
•1000 
•0866 
•0730 



0593 
0454 

-0313 
•0172 
•0028 
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Annex F 



BASIC DATA USED FOR THE OCCUPATIONAL ANALYSIS 



Economic sectors are indicated by subscript i and occupational 
categories by subscript j. 

In addition, each occupational category' j is represented b\ means 



of its ISCO code ^ 

Major Group 0 Professional, Technical and related 

workers 0 

MSojor Group 1 Administrative,^ Executive and 

Managerial workers l 

Major Group 2 Clerical workers 2 

Major Group 3 Sales workers 3 

Minor Group 0-0 Architects, Engineers and Sur\*eyors .. 0-0 

Minor Group 0-1 -:< Chemists, Physicists, Geologists 

md related O-l 

Minor Group 0-'2 Biologists, Veterinarians, Agronomists 0-2 

Minor Group 0-X :« Draughtsmen ar<5 Science and 

Engineering '^^chnicians 0-X 

Minor Groups 

0-0/0-1/0-2/0-X: Scientific and Technical Personnel . . . STP 

Minor Group 1-1 : Directors, Managers and Working 

Proprietors 1-1 

Unit Group 0-0-2:; Engineers 0-02 



In the nine Tables (one for the econom\ as a whole and eight for 
the main economic sectors) which are to be included in this Annex,, the 
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occupational structure (in %) will be found in the left part and the 
economic indicators in the right part. 

The data on the occupational structure are drawn from Statistics 
of the Occupational and Educational Struc ture of th e Labour Force in 
53 Countries . OECD, Paris, 1969. 
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Table r.5 CONSTRUCTION OCCI/PATIONAt yiRUCTURE <Uj/LO AND ECONOUIC INDICATORS (b^) 
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(t) Seem Output pcf worko In V S. <k>U<n. 
<i) Ovxput of dwellings pa I no workeri 
H) Cement Productioo par cipltil <in kg) 
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T*bie F 6 COMMERCE OCCUPATIONAL STRUCTURE (Lij/U) AND ECONOMIC INDICATORS (nj) 
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Annex G 



BASIC DATA USED FOR THE 
OCCUPATIONAL ANALYSIS 

Occupational categories are indicated by subscript j and educational 
levels by subscript k. 

a) Each occupational category j is also represented by a figure: 

Major Group 0 Professional, Technical and related 

workers ... ...... . 0 

Minor Groups 0-0/0-1/ 

0-2/0-X Scientific and Technical Fersonnel 

(STP) 9 

Minor Group 0-X Draughtsmen and Science and Engi- 
neering Technicians , 8 

Major Group 1 Administrative, Executive and Mana- 
gerial Workers 1 

Major Group 2 ? Cleric i workers 2 

M ajor ' :oup 3 : Sales workers 3 

Major Group 4 Fanners, Fishermens and related . 4 

Major Group 5 to 9 All manual categories but Farmers . 5 

Major Group 7/8 ^ Craftsmen, Production - Process 

workers 7 

b) Each educational level k is also represented by a letter: 

University Degree and above , , A 

Complete Secondary schooling and above . .... . .... , B 

More than eight years of schooling C 
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Eight years of schooling or less 
Mean years of schooling 



D 

E 



The data on the educational levels (profiles) of the occupational 
categories are drawn from Statistics of the Occupational and Education al 
Structure of the Labour Force in 53 Countries. OECD. Paris, 1969. 



NOTE : The subscript for the occupational category is always shown befoc-; the educational 
subsaipt. Thus for example. Ljk/L in column 9B represents the number of people In occu- 
pational category 9 (Scientific and Technical Personnel) with educational level B (Complete 
Secondary schooUiig and above) as a proportion of total employment. Thus for the Netherlands, 
the ixoportion in toul emplcynicr.* of Scientific and Technical Personnel with complete 
Secondary schooling and abovv- Is 1.48% (T-'blc G. 5). 
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Annex H 

BASIC DATA USED FOR THE SECTORAL/ 
EDUCATIONAL ANALYSIS 

Economic sectors are indicated by subscript i and educational levels 
by subscript k >:< 

a) Each economic sector i is also represented by a letter : 

Manufacturing M 

Commerce C 

Transport T 

Services ^ 

b) Each educational level k is also represented by a letter; 

University Degree and above A 

Complete Secondary Schooling and above B 

More than Eight Years of Schooling C 

Eight Years of Schooling or less D 



NOTE;. The subsaipt for the economic sector is always shown before the educational sub- 
script. Thus for example Lik/Li in column MC represents the number of people In 
sector M (Manufacturing) with educational level C (more than eight years of schooling) 
as a proportion of empbyment in sector M. Thus for Israftl, the proportion of employ- 
ment in Manufacturmg with more than eight years of schooling is 34. 08 % (Table H. 1). 

SOURCES: 

- See the notes to Table G, 1 for the economic data of each sector; 

- The data on the leveU of education of economic sectors are drawn from Statistics 
of tne occu p ational and Educational Scructure of the Ubour.Fo|ce in 53 Countries, 
OECD,, Paris 1969, 
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OECD SAL£S AGENTS 
DtPOSITAIRES DES PUBLICATIONS DE L'OCDE 



AKCCNTIF4E 

AiMM SCO. lUENOS AUES 
AUSntAUA - AUSTKAUt 

1 C N Am*cm Ply. lu . 

1 71 CoMiM Street. MELPOllKNE 3000 

AirSTKU . AirnilCHE 

Gcr»U ui4 Co . Cnhn 31. WtEN 1 

Sn^AiMt GKAZ twAlMfidlwU! Jot A Km- 

reicfc. SacltMrMK t 

•tLCIUM - KLCIQUC 

LiWaiTK &n Scnmea 

Co«tfMbtrt H-71. I iOOO iKUXELLES I 
•tAZIL - MtSIL 
McMft Jo« S A . 

Km Gm94 SII. SAO PAULO 10 

ftMS««MtfM D«MM If t/20S-t. KIO DE 

JANEIRO Gi 

CANADA 

lufgnMiioA Cauda 

OTTAWA 

OtNMAKK - DANEMAKK 

KOiENHAVN K 
riNLAND - riNLANDC 
Akat«riaMM« KwfkkMmfpt, Knkmknm 2. 
HEUINKI 

roKMoiA - roKMOsc 

■ookt M4 SctciHinc SHPplKt ScfvMrt. Ltd 

POi t3. TAIPEI. 

TAIWAN 

rtANCt 

i«rcaM 4n P»M«aiio«t 4t I'OCDE 

2 rM Aiidft-Ptlttl. 73 PAKIS lie 

PftMI^MI MM tf^potlUim 

73 PAKIS PrrMtt Uiiivtra««im dr FrMoe. 
4f M Smh-MkM. S< 

ScivMnr«tai4im(Lib ) 30rMS«iii4-OiiilkM«c. 7c 
13 AlX-EN.ptOVENCE Libmrv dr I UAi%«ra«< 
lIGKENOiLE ArtlMMd 
t7STKASIOUKC Icrirt'Uvrattlt 
31 TOULOUSE Priyftt 

CEKMANY - ALLCMACNC 

DeMiadMf •midn-VeriM G m k H 

PoMfMit f3IO. 33 ftONN 

Sub AfniU lEKLlN «2 EJwrrt A McHfCf 

HAMiUKG Kru*rr Klockiicf . Mad M den 

maMtrWndca iitdihAndiuftfCfl Dctttadtiandt 

CKECCt - CKCCC 

LibrtiTK KftifffiMan, 21 rwe 4m StMk. 

ATHENES 132 

LtbraiTK ImcrMiKMuk kan Mik«topo«io» m Fits 
73 rue Hrrnon. i P 7) THESSALONIKI 
ICELAND - SLANDE 

SMrbiOra J4iimo<i and Co . h f , Hafaamrcti 9, 

POi 1131. REYKJAVIK 

INDIA < INDC 

Ovfofd ioo4 aad Suttoarry Co 

NEW DELHI. ScMidia Ho«« 

CALCUTTA. 17 Park Stftd 

IftCLAND - IKL^NDC 

Ea»o« and So*. 40-41 L«*cr O'CtHiftcN &rc«t. 

PO i 42 DUiLIN i 

ISAAEL 

Emmaimei $*o*» 

33 A'knby toad and 4| NahUih trniafliia St . 

telavjv 



ITALY - ITAUI 

LiWrra Co«ifiiM««Mr« Samoai 

V« UmariNora 43. )0 121 FlKENZE 

Sow-d^yoMUim 

UWcra Hoepb. Vm Hocpli 3. 20 121 MILANO 
LtWtra Utm. Va CankaMi 3. 10 122 TOKINO 
U 44fmmm dclk t^ttKMii OCOE k Mwkit aaacv- 
ratadaltr miilwn titrtnc ncNi oiU pm wufgrt— 1> 

JAPAN - lAPON 

Manuni ':owpaay Ltd . 

t TofHNdKMic Nit»Mika«iii. TOKYO 103. 

POi 30S0. Taky« latarMtmiial 100^31 

IXSANON - UBAN 

Kadico 

ImnirMMc EdM«. Km Km. i P 3441 

iEYKOUTH 

LUXEMKOUKG 

LiWairv Paul ir«di. 22 GraM'tM. 

LUXEMtOUKG 

MALTA - MALTC 

LakMir it at Sli«f. Workers* MeiMK«l i«ddMit. 

Old iakcfy Straet. VALETTA 

THE NCTHEKLANOS - PAYS- S 

WP VMStockam 

■««enlMr 34. DIN HAAG 

Sw^Afnitt AMSTERDAM C SckcMemo Md 
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